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Nova! hydroxy-8-hateroarylphenanthridines 



Field of application of the Invention 

The invention relates to novel hydroxy-6-heteroarylphenanthrldine derivatives, which are used in the 
pharmaceutical industry for the production of pharmaceutical compositions. 

Known technical background 

The International Patent applications W099/57118 and WO02/05616 describe 6- 
phenylphenanthridines as PDE4 inhibitors. 

in the International Patent application WO99/051 12 substituted S^lkylphenanthridines are described 
as bronchial therapeutics. 

in the European Patent application EP 0490823 dlhydroisoquinoline derivatives are described which 
are said to be useful in the treatment of asthma. 

Description of the Invention 

It has now been found that the novel 2- or 3-hydroxy-6-heteroarylphenanthridines described in greater 
detail below differ from the previously known compounds by unanticipated and sophisticated structural 
alterations and have surprising and particularly advantageous properties. 

The invention thus relates to compounds of formula I, 




in which 

R1 is hydroxyl, 1-4C-allj:oxy, 3-7C-cycloalkc*y, 3-7C-cycloalkylmethoxy, 2,2-difluoroethoxy, or com- 
pletely or predominantly fluorine-substituted 1-4C-alkoxy, 

R2 is hydroxyl, 1-4C-alKoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy, 2,2-diftuoroethoxy, or com- 
pletely or predominantly fluorine-substituted 1-4C-alkoxy, 

or in which 
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R1 and R2 together are a 1-2C-alkylenedioxy group, 

R3 is hydrogen or 1 -40alkyl» 
R31 is hydrogen or 1 -4C-alkyI, 

either, in a first embodiment (embodiment a) according to the present invention, 
R4 is-0-R4t, in which 

R41 is hydrogen, 1-4G-alkyt, MC-alkox^l^C-alkyl, hydroxy-2-4C-aikyl, 1-7C-atkylcarbonyl, or com- 
pletely or predominantly fluorine-substituted 1-4C-alky|, and 
R5 is hydrogen or 1-4C-aIky|, 

or, in a second embodiment (embodiment b) according to the present invention, 
R4 is hydrogen or 1«4G-alkyl, and 
R5 i$~0-R51, in Which 

R51 is hydrogen, 1-4G-alkyl 1-4C-alkoxy-i-4C-aIky!» hydroxy-2-4C-alkyi, 1-7C-a!kylcarbonyl t or com- 
pletely or predominantly fluorine-substituted 1-4C-alkyl. 

Har is optionally substituted by R6 and/or R7 and/or R8, and is a 5- to 10^membered monocytic or 
fused bicyclic unsaturated or partially saturated heteroaryl radical comprising 1 to 4 heteroatoms 
selected independently from the group consisting of oxygen, nitrogen and sulfur, in which 

R6 is halogen, 'MC-alkyI, 1-4C-alkoxy, 1-4C~alkoxy-2-4Csalkoxy f 1-4C-alKyIthfo, cyano, 

alkoxycarbonyl, carboxyi, hydros, -A-N(R61)R62, pyridyl, or completely or partially fluorine- 
substituted 1-4C-Slkyl, in which 

A is a bond or 1«4C-alkyIene, 

R61 is hydrogen or 1-4C-alkyl, 

R62 is hydrogen or 1 -4C-a!kyl r 

or R61 and R62 together and with inclusion of the nitrogen atom, to which they are attached, form a 

heterocyclic ring Het1, in which 
Het1 is optionally substituted by R611 , and is a 3- to 7-membered saturated or unsaturated monocyclic 

heterocyclic ring radical comprising the nitrogen atom, to which R61 and R62 are bonded, and 

optionally one to three further heteroatoms independently selected from the group consisting of 

oxygen, nitrogen and sulfur, in which 
R611 is l-4C-a!kyl. 

R7 is 1-4C-alkoxy, 1-4C-alkoxy-2-4C-aikoxy, 1^4C-alkylthio, hydroxy!, amino or mono- or dM-4C- 

alkytamino, 
R8 is halogen, 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 



hi. i mi n-i rnriwn hv=> 



IIK.XiaO O . ±KJS DC 

010 03.03.2004 17:15 



1 256EPORD01 2004-02 06 

-3- 

1-4C-Alkyl represents a straight-chain or branched alkyl radical having 1 to 4 carbon atoms. Examples 
which may be mentioned are the butyl, isobutyl, sec-butyl, tert-butyl, propyl, isopropyl and preferably the 
ethyl and methyl radicals. 

1-7C-Alkyl represents a straight-chain or branched alkyl radical having 1 to 7 carbon atoms. Examples 
which may be mentioned are the heptyl. isoheplyl (5-methylhexyl), hexyl, Isohexyl (4-metbylpentyl), neo- 
hexyl (3,3-dimethylbutyl), pentyl, isopentyl (3-methyIbutyl), neopentyl (2,2-dimethylpropyl), butyl, Jsobu- 
tyi, sec-butyl, tert-butyl, propyl, isopropyl, ethyl or methyl radicals. 

1-4C^AIkylene is a straight chain alkylene radical having 1 to 4 carbon atoms. Examples which may be 
mentioned In this context are the methylene C-CH 2 -). ethylene (-CHa-CrV), trlmethytene 
(-CHa-CHrCHa-) and the tetramethylene (-CHj-CHz-CHa-CHr) radical. 

1- 4C-Alkoxy represents radicals which, in addition to the oxygen atom, contain a straight-chain or bran- 
ched alkyl radical having 1 to 4 carbon atoms. Examples which may be mentioned are the butoxy, iso- 
butoxy, sec-butoxy, tert-butoxy, propoxy, isopropoxy and preferably the ethoxy and methoxy radicals. 

1^C-Alkoxy-2-4C-alkoxy represents one of the abovementioned 2-4C-alkoxy radicals, which is substi- 
tuted by one of the abovementioned 1-4C-alkoxy radicals. Examples which may be mentioned are the 

2- methoxyethoxy, the 2-ethoxyethoxy and the 2-isopropoxyethoxy radicals. 

3- 7C-Cycloalkoxy represents cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cydohexyloxy and cyclo- 
heptyloxy, of which cyclopropyloxy, cyclobutyloxy and cyclopentyloxy are preferred. 

3-7C-Cydoalkylmethoxy represents cyclopropylmethoxy, cyclobutylmethoxy, (^clopentylmethoxy, cyclo- 
hexylmethoxy and cycloheptylmethoxy, of which cyclopropylmethoxy, cyclobutylmethoxy and cyclopen- 
tylmethoxy are preferred. 

As completely or predominantly fluorine-substituted 1-4f>alkoxy, for example, the 2,2,3,3,3-pentafluoro- 
propoxy, the perfluoroethoxy, the 1,2,2-trifluoroethoxy, in particular the ,,1,2,2-tetrafluoroethoxy, the 
2,2,2-trifluoroethoxy, the trifluoromethoxy and preferably the difluoromethoxy radicals may be mentio- 
ned. "Predominantly" in this connection means that more than half of the hydrogen atoms of the 1-4C- 
alkoxy radicals are replaced by fluorine atoms. 

As completely or predominantly fluorine-substituted i-4C-alkyl, for example, the 2,2,3,3.3-pentafluoro- 
propyl, the perfluoroethyl, the 1,2,2-trifluoroethyl, in particular the 1,1,2,2-tetrafluoroetbyl. the 2,2,2- 
trifluoroethyl. the trifluoromethyl and preferably the difluoromethyl radicals may be mentioned. "Pre- 
dominantly* In this connection means that more than half of the hydrogen atoms of the 1-4C-alkyl radi- 
cals are replaced by fluorine atoms. 
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As completely or partially fluorine^substituted 1«4C-aIkyI, for example. the 2,2,3,3,3-pentafluoropropyI, 
the perfluoroethyi, the t^-trifluornethyl^ the 1,1,2,2-tetrafluoroethyl, the 2,2,2-trifluoroethyl, the 
tnfluoromethyl, the difluoromethyl and, in particular, the 2,2-difluoroethyl radicals may pa mentioned. 

1-2C-A!kylenedioxy represents, for example, the methylenedioxy [-OCH 2 <H and the ethylenedioxy 
[-O-CH2-CH2-O-] radicals. 

1-4C-AIKoxy-1-4C-alkyl represents one of the abovementioned 1-4C-aIkyt radicals, which is substituted 
by one of the abovementioned l-4C-aIkoxy radicals. Examples which may be mentioned are the rneth- 
oxymethyl, the methoxyethyl and the isopropoxyethyJ radicals, particularly the 2-methoxyethyl and the 2- 
jsopropoxyethyl radicals. 

1-7C~Alkylcarbony! represents a radical which, in addition to the carbonyl group, contains one of the 
abovementioned 1-7C-aikyl radicals. Examples which may be mentioned are the acetyl, propionyl, bu- 
tanoyl and hexanoyl radicals, 

Hydroxy-2-4C-alkyl represents 2^C-alkyl radicals, which are substituted by a hydroxy! group. Examples 
which may be mentioned are the 2-hydroxyethyI and the 3-hydroxypropyl radicals. 

In addition to the nitrogen atom, mono- or dM -4C-alkylamino radicals contain one or two of the above- 
mentioned 1-4C-alkyl radicate, DM-4C-alkylamino is preferred and here, in particular, dimethyl-, diethyl- 
or diisopropylamino. 

Halogen within the meaning cf the invention is bromine, chlorine or fluorine. 

1-4C-AJkoxycarbonyl represents a radical which, in addition to the carbonyl group, contains one of the 
abovementioned 1~4G-a!koxy radicate. Examples which may be mentioned are the methoxycarbonyl, 
the ethoxycarfconyl and the isopropoxycarfoonyl radicals. 

•MC-Alkylthio represents radicals which, in addition to the sulfur atom, contain one of the abovemen- 
tioned 1-4C~alkyl radicals. Examples which may be mentioned are the butylthio, propylthio and prefera- 
bly the ethylthio and methylthio radicals. 

Pyridyl includes 2-pyridyl r 3-pyridyl and 4-pyridyK 

When A has the meaning ^bond", then the moiety -N(R61)RS2 is directly attached to the Har radical- 
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Har is optionally substituted by R6 and/or R7 and/or R8, and stands for a stabile 5- to 10-membered 
monocylic or fused bicyclic unsaturated (heteroaromatic) or partially saturated heteroaryl radical com- 
prising 1 to 4 heteroatoms selected Independently from the group consisting of oxygen, nitrogen and 
sulfur. 

More precisely, Har is bonded to the tricyclic phenanthrldine moiety via a carbon ring atom, whereby all 
positional isomers are contemplated. 

In an embodiments detail {detail 1) according to this invention, Har is optionally substituted by R6 
and/or R7, and is a 9- or 10-membered benzofused bicyclic partially saturated heteroaryl radical com- 
prising 1 to 2 heteroatoms selected independently from the group consisting of oxygen, nitrogen and 
sulfur, 

in particular in which 

R6 is l-40alkyl. completely or partially fluorine-substituted 1-4C-a1kyl, or halogen, suitably fluorine, 
R7 is halogen, suitably fluorine. 

Har may include according to this detail 1, without being restricted thereto, indolinyl, isoindolinyl, tetra- 
hydroquinolinyl, tetrahydrojsoquinolinyl, dihydrobenzofuranyl, dihydrobenzothiophenyl, 
benzo[1,3]dioxolyl. benzodioxanyl (i.e. dihydrobenzori,4]dloxinyl), dihydrobenzopyranyl, ordihydro- 
benzo[1 ,4Joxazinyl, as well as the R6- and/or R7-substituted derivatives thereof. 

Illustratively, as exemplary suitable Har radicals according to detail 1 may be mentioned, for example, 
without being restricted thereto, hereof! ,4]dIoxanyl, benzo[1,3]dioxolyl or 2,2-difluoro- 
benzoT1,3]dioxolyl. 

As more specific exemplary suitable Har radicals according to detail 1 may be mentioned, for example, 
without being restricted thereto, benzo[1,4]dioxan-6-yl, benzoyl ,3]dioxol-5-yl or 2,2-difluoro- 
benzot1.3]dioxol-5-yl. 

In a further embodiments detail (detail 2) according to this invention, Har is optionally substituted by 
R6, and Is a 9- or 10-membered fused (or, in a subdetail, benzofused) bicyclic unsaturated (heteroaro- 
matic) heteroaryl radical comprising 1 to 4 heteroatoms Independently selected from the group consist- 
ing of oxygen, nitrogen and sulfur, 
in particular in which 

R6 is 1-4C-alkyl, or completely or partially fluorine-substituted 1 -4C-alKyl. 

Har may include according to this detail 2, without being restricted thereto, the stabile benzo-fused de- 
rivatives of the Har radicals mentioned in detail 3 below, such as e.g. benzothlophenyl. benzofuranyl, 
indolyl, benzoxazolyl, benzothiazolyl, indazolyl. benzimidazolyl, benzisoxazolyl, benzisothiazolyl, benzo- 
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furazanyl, benzotriazolyl, benzothiadiazolyl, quinolinyl, isoquinolinyt, quinazolinyl, quinoxalinyl, phthalaz- 
inyi or cinnolinyl; or indolizinyi, purinyl, naphthyridinyl or pteridinyi; as well as the R6-substituted deriva- 
tives thereof. 

Illustratively, as exemplary suitable Har radicals according to detail 2 may be mentioned, for example, 
without being restricted thereto, quinolinyl, benzofurazanyl or benzothiazolyh 

As more specific exemplary suitable Har radicals according to detail 2 may be mentioned, for example, 
without being restricted thereto, quinolin-6-yl, benzoftirazanyl-S-yl or benzothlazol-6-y(. 

In a yet further embodiments detail (detail 3) according to this invention, Har is optionally substituted by 
R6 and/or R7 and/or R6, and is a 5- or 6-membered monocyclic unsaturated (heteraaromatic) het- 
eroaryl radical comprising 1 to A heteroatoms selected independently from the group consisting of oxy- 
gen, nitrogen and sulfur, 
in which 

R6 is halogen, 1-4C-a}kyi, 1-40alkoxy, 1 -4C-aikoxy-2-4C-alkoxy, 1-40-alkylthio, cyano, 1-4C- 
alkoxycarbonyl, carboxyl, hydroxyl, -A-N(R61)R62, pyridyl, or completely or partially fluorine- 
substituted "MC-alky!, in which 

A is a bond or 1 -40aikylene, 

R61 is hydrogen or l-4C-a!kyl, 

R62 is hydrogen or -MC-alkyl, 

or R61 and R62 together and with inclusion of the nitrogen atom, to which they am attached, form a 

heterocyclic ring Hetl, in which 
Het1 is optionally substituted by R61 1, and is a 3- to 7-membered saturated or unsaturated monocyclic 

heterocyclic ring radical comprising the nitrogen atom, to which R61 and R62 are bonded, and 

optionally one to three further heteroatoms independently selected from the group consisting of 

oxygen, nitrogen and sulfur, in which 
R611 is 1-40-alkyl, 

R7 is 1-4C~a)koxy, 1-4C-aikoxy~2~4C-alkoxy, 1-4C-alkylthio, hydroxyl, amino or mono- or dM-4C- 

alkylamino, 
R8 is halogen. 

More precisely, in one embodiment of detail 3 according to this invention, Har is optionally substituted 
by R6 and/or R7 and/or R8, and is a 6-membered monocyclic unsaturated (heteroaromatic) heteroaryl 
radical comprising 1 to 3, particularly 1 or 2, nitrogen atoms. 

In addition, in another embodiment of detail 3, H^r\s optionally substituted by R6 and/or R7, and is a 5- 
membered monocyclic unsaturated (heteroaromatic) heteroaryl radical comprising 1 to 4 heteroatoms 
selected independently from the group consisting of oxygen, nitrogen and sulfur. 
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Har may include according to this detail 3, without being restricted thereto, furanyl, thiophenyl, pyrrolyl. 
oxazolyl, isoxazolyl, thiazolyl. isothiazolyl, imidazolyl, pyrazolyl, triazolyl (precisely: 1,2.4-triazolyi or 
1,2,3-triazolyl), thiadiazolyl (precisely: 1 ,3,4-thiadlazoIyl, 1,2,5-thiadiazolyl. 1,2,3-thiadiazolyI or 1,2,4- 
thiadiazolyl), oxadiazolyl (precisely: 1,3.4-oxadiazolyl, 1,2,5-oxadiazolyl, 1 ,2,3-oxadiazolyl or 1,2,4- 
oxadiazolyl) ortetrazolyl, or, pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl, as well as the R6- and/or R7- 
and/or R8-substituted derivatives thereof. 

In more detailed example, Har radicals according to detail 3 may include, without being restricted 
thereto, isoxazolyl, imidazolyl, thiazolyl, oxazolyl. as well as the R6- and/or R7-substituted derivatives 
thereof, or pyridinyl, pyrimidinyl. pyrazinyl or pyridazinyl, as well as the R6- and/or R7- and/or R8- 
substituted derivatives thereof. 

In still more detailed example, Har radicals according to detail 3 may include, without being restricted 
thereto, pyridinyl, isoxazolyl, imidazolyl, thiazolyl, oxazolyl, pyrimidinyl, pyrazinyl or pyridazinyl. as well as 
the R6- and/or R7-substfaJted derivatives thereof, wherein 
R6 is 1-4C-alkyl, 1-4C-alkoxy, pyridyl or morphotirv4-yl, 
R7 is 1-4C-alkoxy. 

In yet still more detailed embodiments example, Har radicals according to detail 3 may include, without 
being restricted thereto, isoxazolyl; N-(1-4C-alkyl)-imidazolyl; thiazolyl optionally substituted by pyridyl; 
or pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, each of which is optionally substituted by R6- and/or R7 in 
which 

RS is 1-4C-alkoxy, mono- or di-1-4C-alkylamino, pyrazol-1-yl. imidazol-1-yl, triazoM-yl or morpholln- 
4-yl, 

R7 is 1 -4C-alkoxy or mono- or di-1 -4C-alkylamino, 

such as, for example, 6-(morpholin-4-yl)-pyridin-3-yl, pyridin-3-yl, pyridin-4-yl, Hnethyl-imidazol-2~yl, 
2,6-dimethoxy-pyrldin-4-yl, 2.6-dimethoxy-pyridin-3-yl, 3,6-dimethoxy-pyridazin-4-yl, 2,6-dimethoxy- 
pyrimidin-4-yl. 2,6-bis-dimethylamino-pyrlmidin-4-yl, pyrimidin-5-yl, pyrazin-2-yl, 6-(pyrazoM-yl)-pyridin- 
3-yi, 6-(imidazol-1-yl)-pyridin-3-yl or 6~([1 ,2,4]triazol-1-yl)-pyridin-3-yl. 

Illustratively, as exemplary suitable Har radicals according to detail 3 may be mentioned, for example, 
without being restricted thereto, isoxazolyl; N-(1-4C-alkylHmidazolyl; thiazolyl optionally substituted by 
pyridyl; or pyridinyl optionally substituted by R6- and/or R7 in which 
R6 is 1-4C-alkoxy or morpholin-4-yl, 
R7 is 1-4C-alkoxy. 



As more specific exemplary suitable Har radicals according to detail 3 may be mentioned, far example, 
without being restricted thereto, 6-(morpholin^-yl)-pyridin-3-yl, pyridin-3-yl. pyridin-4-yl, isoxazol-6-yl, 1- 
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metihyl-imidazol^yl, 1-methyMmidazo!-5-yl, 2-(pyridin^yl)-thiazoM~y!, or, in particular, 2,6-dimethoxy- 
pyridin-4-yl or, in more particular, 2 l 6-dimethoxy-pyridln-3-yL 

Het1 is optionally substituted by R61 1 and stands for a stabile monocytic 3- to 7-membered fully satu- 
rated or unsaturated (heteroaromatjc) heterocyclic ring radical comprising the nitrogen qtom, to which 
R61 and R62 are bonded, and optionally one to three further heteroatoms independently selected from 
the group consisting of nitrogen, oxygen and sulfur. 

In a first facet (facet 1) according to this invention, Het1 is optionally substituted by R611 on a ring ni- 
trogen atom and stands for a stabile monocytic 3- to 7-membered fully saturated heterocyclic ring radi- 
cal comprising the nitrogen atom, to which R61 and R62 are bonded, and optionally one further het- 
eroatom selected from the group consisting of nitrogen, oxygen and sulfur. 

In a second facet (facet 2) according to this invention, Het1 stands for a stabile monocytic 5-membered 
unsaturated (heteroaromatic) ring radical comprising the nitrogen atom, to which R61 and R62 are 
bonded, and optionally one to three further nitrogen atoms. 

Hett may include according to facet 1, without being restricted thereto, azirldtnyl, azetidinyi, pyrrolidine, 
piperidinyl, homopiperidinyt, morpholinyl, thiomorpholinyl, oxazofidinyl, isoxazolidlnyl, thiazolidinyl, 
isothiazolidinyl, pyrazolidinyl, imidazolidinyl, piperazinyl or homopiperazinyl. 
Het1 may also include according to facet 2, without being restricted thereto, pyrrolyl, imidazolyi, pyra- 
zolyl, triazolyl or tetrazolyt. 

As further examples for Het1 according to this invention may be mentioned, without being restricted 
thereto. R611-substituted derivatives of the abovementioned exemplary Het1 radicals according to 
facet 1, such as e.g. 4~N-(R611)-piperaztnyl or4-N-{R611Hiomopiperazinyl. 
Illustratively, as an exemplary suitable Het1 radical maybe mentioned, for example, without being re- 
stricted thereto, morpholin-4-yI. 

As it is Known for the person skilled in the art, compounds comprising nitrogen atoms can be form N~ 
oxides. Particularly, Jmine nitrogen, especially heterocyclic or heteroaromatic imine nitrogen, or pyridine- 
type nitrogen (~N-) atoms, can be N-oxidjzed to form the N-oxides comprising the group ~N*{0>. 
Thus, the compounds according to the present invention comprising the imine nitrogen atom In position 
5 of the phenylphenanthridine backbone and, optionally (depending on the meaning of R7), one or more 
further nitrogen atoms suitable to exist in the N-oxide state (=N*(0» may be capable to form (depend- 
ing on the number of nitrogen atoms suitable to form stabile N-oxides) mono-N-oxides, bis-N-oxides or 
multi-N-oxides, or mixtures thereof. 

The term N-oxtde(s) as used in this invention therefore encompasses a|l possible, and in particular all 
stabile, N-oxide forms, such as mono-N-oxides, bis-N-oxfdes or multi-N-oxides, or mixtures thereof in 
any mixing ratio. 
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Possible salts for compounds of the formula I -depending on substitution- are all acid addition salts or 
all salts with bases. Particular mention may be made of the pharmacologically tolerable salts of the in- 
organic and organic acids and bases customarily used in pharmacy. Those suitable are, on the one 
hand, water-insoluble and. particularly, water-soluble acid addition salts with acids such as, for exam- 
ple, hydrochloric acid, hydrobromic acid, phosphoric acid, nitric acid, sulfuric acid, acetic acid, citric 
acid, D-gluconicacid, benzoic acid, 2-(4-hydroxyben2oyl)ben2oicacid, bulyricacid, sultbsalicylic acid, 
maleic acid, lauric acid, malic acid, fumaric acfd, succinic acid, oxalic acid, tartaric acid, embonic acid, 
stearic acid, toluenesurfonic acid, methanesulfonic acid or 3-hydroxy-2-fiaphthoic acid, it being possible 
to employ the acids In salt preparation - depending on whether a mono- or polybasic acid is concerned 
and.depending on which salt is desired - in an equimolar quantitative ratio or one differing therefrom. 

On the other hand, salts with bases are also suitable. Examples of salts with bases which may be men- 
tioned are alkali metal (lithium, sodium, potassium) or calcium, aluminum, magnesium, titanium, ammo- 
nium, meglumine or guanidinium salts, where here too the bases are employed in salt preparation in an 
equimolar quantitative ratio or one differing therefrom. 

Pharmacologically intolerable sails which can initially be obtained, for example, as process products in 
the preparation of the compounds according to the invention on an industrial scale are converted into 
pharmacologically tolerable salts by processes known to the person skilled in the art. 

It is known to the person skilled in the art that the compounds according to the invention and their salts, 
when they are isolated, for example, in crystalline form, can contain various amounts of solvents. The 
invention therefore also comprises ail solvates and in particular all hydrates of the compounds of the 
formula I, and also ail solvates and in particular all hydrates of the salts of the compounds of the for- 
mula I. 

Compounds of formula I more worthy to be mentioned are those in which 

R1 is 1-2C-alkoxy, 3-5C-cycloa|koxy, 3-5C-cycloalkylmethoxy, 2,2-difluoroethoxy, or completely or 

predominantly fluorine-substituted 1-2C-alkoxy. 
R2 is l-2C-alkoxy, 3-5C-cycIoalkoxy, 3-SC-cycloalkylmethoxy, 2,2-difluoroethoxy. or completely or 

predominantly fluorine-substituted 1-2C-alkoxy, 
R3 is hydrogen, 
R31 is hydrogen, 

either, in a first embodiment (embodiment a) according to the present invention. 

R4 is-o-R4l, in which 

R41 is hydrogen or 1-4C-alkyicarbonyl, and 

R5 is hydrogen, 
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or, in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 is-0-R51 T inwhich 

R51 is hydrogen or 1-4C-aIky|carbonyl, 

Har is optionally substituted by R6 and/or R7 and/or R8, and is 

a 9- or 10-membered benzofused bicyclic partially saturated heteroaryl radical comprising 1 or 2 
heteroatoms selected independently from the group consisting of oxygen, nitrogen and sulfur, 

or 

a 9- or 10-membered fused bicyclic unsaturated heteroaryl radical comprising 1 to 4 heteroatoms 
selected Independently from the group consisting of oxygen, nitrogen and sulfur, 

or 

a 5- or 6-membered monocyclic unsaturated heteroaryl radical comprising 1 to 4 heteroatoms se- 
lected independently from the group consisting of oxygen, nitrogen and sulfur, 
in which 

R6 is halogen, 1-4G-alkyt, "MC-alkoxy, 1^C-alkoxy-2*4C~alkoxy, 1-4C-alkyIihio, cyano T 1-4C- 
alkoxycarbonyl, carboxyj, hydroxyl, -A-N(R61)R62, pyridyt, or completely or partially fluorine- 
substituted 1-40-alkyl, in which 

A tea bond or 1 -4C-atkylene, 

R61 is hydrogen or 1-4G-alky), 

R62 is hydrogen or 1-40-alkyl, 

or R61 and R62 together and with inclusion of the nitrogen atom, to which they are attached, form a 

heterocyclic ring Het1, in which 
either, in a first facet (facet 1), 

Het1 is optionally substituted by R61 1 on a ring nitrogen atom, and is a 3- to 7-membered saturated 
monocyclic heterocyclic ring radical comprising the nitrogen atom, to which RSt and R62 are 
bonded, and optionally one further heteroatom selected from the group consisting of oxygen, ni- 
trogen and sulfur, in which 

R611 is 1-4C-alkyl. 

or, in a second facet (facet 2), 

Het1 is a 5-mernbered unsaturated monocyclic heterocyclic ring radical comprising the nitrogen atom, 
to which R61 and R62 are bonded, and optionally one to three further nitrogen atoms, 

R7 is 1-4C-alkoxy, 1 ^C-alkoxy~2~4C~a)koxy> 1-4C-alkylthio, hydroxy!, amino or mono- or di-1-4C~ 
alkylamirto, 

R8 is halogen, 

and the salts, the M-oxides and the salts of the N-oxides of these compounds. 
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Compounds of formula I in particular worthy to be mentioned are those in which 



R1 


is 1-2C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloaIkylmethoxy t 2,2-arrluoroeTnoxy, or completely or 




predominantly fluorine-substituted 1~20alkoxy, 


R2 


is 1-2C-alkoxy, 3~5C-cycioalkoxy, 3-5C-cyoloaIkylmethoxy, 2,2-difluoroethoxy, or completely or 




predominantly fluorine-substituted 1-2C-alkoxy, 


R3 


is hydrogen, 


R31 


is hydrogen, 


R4 


is -o-R4ijn which 


R41 


is 1-4C-alkyicarbonyl or, in particular, in an individual embodiment according to this Invention, 




hydrogen, 


R5 


is hydrogen, 



in one embodiments) detail (detail 1) according to this invention, 

Har is optionally substituted by R6 and/or R7, and is a 9- or 10-mernbered benzofused blcyclic par- 
tially saturated heteroaryl radical comprising 1 or 2 heteroatoms selected Independently from the 
group consisting of oxygen, nitrogen and sulfur, in which 

R6 is 1 -2C-alkyl or halogen, 

R7 is halogen; 

or, in another embodiments! detail (detail 2) according to this invention, 

Har is optionally substituted by R6, and is a 9- or 10-membered fused bicyclic unsaturated heteroaryl 
radical comprising 1 to 3 heteroatoms selected independently from the group consisting of oxy- 
gen, nitrogen and sulfur, in which 

R6 is1-4C-alkyl; 

or, in yet another embodiments detail (detail 3) according to this invention, 

Har is optionally substituted by R6 and/or R7 and/or R8 r and is a 5- or 6-membered monocyclic un- 
saturated heteroaryl radical comprising 1 to 3 heteroatoms selected independently from the 
group consisting of oxygen, nitrogen and sulfur, in which 

R6 is halogen, 1-4C-alkyl» 1-4C-alkoxy, 1-4C-a[koxy-ethoxy, 1-2C-alkylthio, cyano, 1-2C- 

alkoxycarbonyl> carboxyl, hydroxyl, -A-N(R61)R62, pyridyl, or completely or partially fluorine- 
substituted l-2C-alkyi, in which 

A is a bond or 1-2C-alkytene t 

R61 Is hydrogen or 1-2C-alkyl, 

R62 is hydrogen or l-2C-alkyl, 

or R61 and RB2 together and with inclusion of the nitrogen atom, to which they are attached, form a 

heterocyclic ring Het1, in which 
either, in a first facet (facet 1), 
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Het1 is optionally substituted by R611 on a ring nitrogen atom, and is a 3- to 7-membered saturated 
monocyclic heterocyclic ring radical comprising the nitrogen atom, to which R61 and R62 are 
bonded, and optionally one further heteroatom selected from the group consisting of oxygen, n.- 
trogen and sulfur, in which 

R611 is 1-2C-alkyl, 

or, in a second facet (facet 2), 

HeM is a 5-rnembered unsaturated monocyclic heterocyclic ring radical comprising the mtrogen atom, 
to which R61 and R62 are bonded, and optionally one or two further nitrogen atoms, 

R7 is i-40*IKoxy. 1-iC-alkoxy-ethoxy. 1-2C-alkylthlo, hydroxyl, amino, or mono- or di-1-2C- 
allcylamino, 

R8 is halogen; 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 

Compounds of formula I In more particular worthy to be mentioned are those in which 

R1 is 1-2C-alkoxy, 3-5C-cyclo a lkoxy. 3-5C-cycloalkylmethoxy, 2,2^ifluoroethoxy, or completely or 

predominantly fluorine-substituted 1-2C-alkoxy, 
R2 is 1-2C-alkoxy, ^5C-cycloalkoxy. 3-5C-cycloalkylmethoxy, 2,2-difluoroethoxy, or completely or 

predominantly fluorine-substituted l-2C-alkoxy, 
R3 is hydrogen, 
R31 is hydrogen, 
R4 is -0-R41, in which 
R41 is hydrogen, 
R5 is hydrogen, 

in one embodimental detail (detail 1) according to this invention, 

Har is optionaily substituted by R6 and/or R7, and is a 9- or 10-membered benzofused bicyclic par- 
tially saturated heteroaryl radical comprising 1 or 2 heteroatoms selected Independently from the 
group consisting of oxygen, nitrogen and sulfur, in which 

B6 is 1-2C-alkyl or halogen, 

R7 is halogen; 

or in another embodimental detail (detail 2) according to this invention, 

Har is optionally substituted by R6, and is a 9- or 10-membered fused bicyclic unsaturated heteroaryl 
radical comprising 1 to 3 heteroatoms selected independently from the group consisting of oxy- 
gen, nitrogen and sulfur, in which 

R6 is 1-4C-alky1; 

or, in yet another embodimental detail (detail 3) according to this invention, 
either 
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Har is optionally substituted by R6, and is a 5-membered monocyclic unsaturated heteroaryl radical 
comprising 1 to 3 heteroatoms selected independently from the group consisting of oxygen, ni- 
trogen and sulfur, in which 

R6 is "MC-alkyl or pyridyl, 

or 

Har Is optionally substituted by R6 and/or R7, and is a 6-membered monocyclic unsaturated het- 
eroaryl radical comprising 1 or 2 nitrogen atoms, in which 
R6 is 1-4C-alkoxy, 1-2C-alkoxy-ethoxy or -A-N(R61)R62, in which 
A is a bond, 

R61 and R62 together and with inclusion of the nitrogen atom, to which they are attached, form a het- 
erocyclic ring Het1, in which 
either, in a first facet (facet 1), 

Het1 is optionally substituted by R61 1 on a ring nitrogen atom, and is a 5- to 7-rnembered saturated 
monocyclic heterocyclic ring radical comprising the nitrogen atom, to which R61 and R62 are 
bonded, and optionally one further heteroatom selected from the group consisting of oxygen, ni- 
trogen and sulfur, in which 

RQ11 is 1-2C-alkyl, 

or, in a second facet (facet 2), 

Het1 is a 5-membered unsaturated monocyclic heterocyclic ring radical comprising the nitrogen atom, 

to which R61 and R62 are bonded, and optionally one or two further nitrogen atoms, 
R7 is 1-4C-alko>cy or 1-2C-alkoxy-ethoxy; 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 
Compounds of formula I, in still more particular worthy to be mentioned are those in which 



R1 


is 1-2C-alkoxy, 2,2-difluoroethoxy, or completely or predominantly fluorin&^ubstituted 




1-2C-alkoxy, 


R2 


is 1-2C-alkoxy, 2,2-difiuoroethoxy, or completely or predominantly fluorine-substituted 




1-2G-a|koxy, 


R3 


is hydrogen, 


R31 


is hydrogen, 


R4 


i$-OR41, in which 


R41 


is hydrogen, 


R5 


is hydrogen, 



in one embodiments detail (detail 1) according to this invention, 

Har is optionally substituted by R6 and/or R7, and is benzo[1 ,4]dioxanyl or benz;o[1 , 3]dioxo|yl> in 

which 
R6 is fluorine, 
R7 is fluorine; 
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or, in another embodiments! detail (detail 2) according to this invention, 
Har is quinolinyl, benzoftrezanyl or benzothiazoly!; 

or. in yet another embodiments detail (detail 3) according to Ms invention, 
either 

Har is optionally substituted by R6 and/or R7, and is pyridinyl, in which 
R6 is 1-4C-alkoxy, -A-N(R61)R62, in which 
A is a bond, 

R61 and R62 together and with inclusion of the nitrogen atom, to which they are attached, form a het- 
erocyclic ring Het1 , in which 
Hen is morphollnyl, thiomorpholinyl, N-<R611)-piperazinyl or^ReilVhomopiperadnyl. in wh.ch 

R611 is l-2C-alkyl. 
R7 is l-4C-alkoxy. 

Har is optionally substituted by Rfi. and is isoxazolyl, imidazolyl or thhwriyl, in which 
R6 is 1 -4C-alkyl or pyridyl; 

and the salts, the N-oxides and me salts of the N-oxides of these compounds. 

A special embodiment of the compounds of the present invention include those compounds of formula I 
in which R1 and R2 are independently 1-2C-alkoxy, 2,2-dffluoroethoxy. or completely or predominant* 
fluorine-substituted l-2C-alkoxy. 

Another special embodiment of the compounds of the present invention include those compounds of 
formula I in which R1 and R2 are independently 1-2C-aIkoxy, 2,2-diflucfoethoxy, or completely or pre- 
dominant* fluorine-substituted 1-2C-alkoxy, and R3 and R31 are both hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
formula I in which R5 or, particularly, R4 is hydroxyt. 

Another special embodiment of the compounds of the present invention include those compounds of 
formula I, in which Har is pyridinyl bisubstituted by 1-4C-alkoxy. such as, for example, 2.8- 
dimethoxypyridinyl (e.g. 2,6-dimethoxypyridin-3-yl). 

A preferred embodiment according to the present invention is embodiment a. 

A further preferred embodiment of the compounds of the present invention include compounds accord- 
ing to embodiment a, in which R5 and R41 are both hydrogen, and in which R1 and R2 are independ- 
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ently 1-2C-aikoxy, 2,2-difluoroethoxy, or completely or predominantly fluorine-substituted 1-2C-alkoxy, 
and R3 and R31 are hydrogen. 

Suitable compounds according to the present invention more worthy to be mentioned include those 
compounds of formula I, in which R5 or, particularly, R4 is hydroxyl. 

The compounds of formula 1 are chiral compounds having chiral centers at least in positions 4a and 
1 0b and depending on the meanings of R3, R31 , R4 and R5 additional chiral centers in positions 1 , 2, 
3 and 4. 



Numbering 




The invention includes all conceivable stereoisomers in pure form as well as in any mixing ratio, Prefer- 
ence is given to compounds of formula I in which the hydrogen atoms in positions 4a and 10b are in the 
cis position relative to one another. The pure cis enantiomers and their mixtures In any mixing ratio and 
including the racemates are more preferred in this context. 

Particularly preferred In this context are those compounds of formula I, which have with respect to the 
positions 4a and 10b the configuration shown in formula (I*): 




If, for example, in compounds of formula I* R3, R31 and R5 have the meaning hydrogen and R4 has 
the meaning -OR41, then the configuration - according to the rules of Cahn, Ingold and Pnelog - is R in 
the 4a position and R in the 10b position. 
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Further preferred compounds of the formula I according to embodiment a are those which have, with 
respect to the positions 2. 4a and 1 0b. the same configuration as shown in the formulae la** and la~* 
and la* 



R41 




R31 



(la"**) 



Har 



If. for example in compounds of the formula la-* R3, R31 and RS have the meaning hydrogen, then the 
configuration - according the rules of Cahn, Ingold and Prelog - is S in the position 2, R in the position 
4a and R in the position 10b. 

If, for example in compounds of the formula la*~ R3, R31 and R5 have the meaning hydrogen, then the 
configuration - according the rules of Cahn. Ingold and Prelog - is R in the position 2. S in the position 
4a and S in the position 10b. 

If. fur example in compounds of the formula la**" R3, R31 and R5 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - is S in the position 2. S in the posi- 
tion 4a and S in the position 10b. 

In more particular preferred compounds of the formula I according embodiment a are those which have, 
with respect to the positions 2, 4a and 10b. the same configuration as shown in the formula la*****: 




R31 



(la*****) 



If. for example in compounds of the formula la™ R3, R31 and R5 have the meaning hydrogen, then 
the configuration - according the rules of Cahn. Ingold and Prelog - is R in the position 2. R in the posi- 
tion 4a and R in the position 1 0p. 
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Further preferred compounds of the formula I according to embodiment b are those which have, with 
respect to the positions 3, 4a and 1 0b f the same configuration as shown in the formulae lb** and lb*** 
and lb*~*: 




If, for example in compounds of the formula lb** R3, R31 and R5 have the meaning hydrogen, then the 
configuration - according the rules of Cahn. Ingold and Prelog - is R in the position 3, R in the position 
4a and R in foe position 10b. 

If, for example in compounds of the formula lb*** R3, R31 and R5 have the meaning hydrogen, then the 
configuration - according the rules of Cahn, Ingold and Prelog - is S in the position 3, S in the position 
4a and 5 in the position 10b. 

If, for example in compounds of the formula lb**** R3, R31 and R5 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - is R in the position 3, S in the posi- 
tion 4a and S in the position 10b. 

In more particular preferred compounds of the formula I according to embodiment b are those which 
have, with respect to the positions 3, 4a and 10b, the same configuration as shown in the formula 




If, for example in compounds of thta formula lb"**** R3, R31 and R5 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - is S in the position 3, R in the posi- 
tion 4a and R in the position 10b. 
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Within the meaning of the embodiments a and b according to this invention, compounds of formula 
l a ***** are j n p ar tjcu|ar to be emphasized. 

The enantiomers can be separated in a manner Known per se (for example by preparation and separa- 
tion of appropriate diastereoisomeric compounds). Preferably, an enantiomer separation Is carried out 
at the stage of the starting compounds having a free amino group such as starting compounds of for- 
mulae IVa or Vllb as defined below. 




Separation of the enantiomers can be carried out, for example, by means of salt formation of the race- 
mic compounds of the formulae IVa or Vllb with optically active acids, preferably carboxylic acids, 
subsequent resolution of the salts and release of the desired compound from the salt Examples of 
optically active carboxylic acids which may be mentioned in this connection are the enantiomeric forms 
of mandelic acid, tartaric acid. O.O'-dibenzoyrtartaric acid, camphoric acid, quinlc acid, glutamic acid, 
malic acid, camphorsulfonlc acid, 3-bromocamphorsu Ironic add, a-methoxyphenylacetic acid, 
a-methoxy-a-trifluoromethylphenylacetic acid and 2-phenylpropionic acid. Alternatively, enantiomerically 
pure starting compounds of the formulae IVa or Vllb can be prepared via asymmetric syntheses. 
Enantiomerically pure starting compounds as well as enantiomerically pure compounds of the formula I 
can be also obtained by chromatographic separation on chirai separating columns; by derivatization 
with chirai auxiliary reagents, subsequent diastereomer separation and removal of the chirai auxiliary 
group; or by (fractional) crystallization from a suitable solvent. 

The compounds according to the invention can be prepared, for example, as shown in the reaction 
schemes below and according to the following specified reaction steps, or, particularly, in a manner as 
described by way of example in the following examples, or analogously or similarly thereto according to 
preparation procedures or synthesis strategies known to the person skilled in the art 

Compounds of formula I, in which R1, R2, R3. R31, R4, R5 and Har have the meanings mentioned 
above, according to embodiment a or b (i.e. compounds of formulae la or lb, respectively) can be ob- 
tained as described as follows. 
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Compounds of formula la according to embodiment a, in which R1 f R2, R3 t R31, R41, R5 and Har 
have the meanings mentioned above in embodiment a whereby R41 is other than hydrogen, can be 
prepared as described and shown in reaction scheme 1 below. 

In the first reaction step of the synthesis route shown in scheme 1, compounds of the formula Va r In 
which R1, R2, R3, R31, R41 and RS have the meanings mentioned above in embodiment a whereby 
R41 is other than hydrogen, are prepared from the corresponding compounds of the formula Via by 
introduction of the group R41 whereby R41 is other than hydrogen. The introduction reaction is carried 
out in a manner habitual per se for an etherification or esterification reaction, or as described by way of 
example in the following examples. 

Reaction scheme 1: 




(Via) (Va) 

Har 




In the next reaction step of the synthesis route shown in reaction scheme 1 , the nitro group of com- 
pounds of the formula Va, in which R1, R2 f R3, R31> R41 and R5 have the meanings mentioned above 
in embodiment a whereby R41 is other man hydrogen, is reduced to the amino group of the 
corresponding compounds of the formula IVa, Said reduction is earned out in a manner known to the 
person skilled in the art, for example as described in J. Org. Chern. 1962, 27, 4426 or as described in 
the following examples. In more detail, the reduction can be earned out for example, by catalytic 
hydrogenation, e,g, in the presence of Raney nickel or a noble metal catalyst such as palladium on 
active carbon, in a suitable solvent such as methanol or ethanol at room temperature and under normal 
or elevated pressure. Optionally, a catalytic amount of an acid, such as, for example, hydrochloric acid, 
can be added to the solvent Preferably, however, the reduction is carried out using a hydrogen- 
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added to the solvent Preferably, however, the reduction is carried out using a hydrogen-producing mix- 
ture, for example, metals such as zinc, zinc-copper couple or iron with organic acids such as acetic acid 
or mineral acids such as hydrochloric acid. More preferably, the reduction is carried out using a zinc- 
copper couple in the presence of an organic or an inorganic acid. Such a zinocopper couple is acces- 
sible in a way known to the person of ordinary skill in the art. 

Compounds of the formula iva, in which R1. R2, R3, R31, R41 and R5 have the meanings indicated 
above in embodiment a whereby R41 is other than hydrogen and which are sensitive against catalytic 
hydrogenation, can be prepared from the corresponding compounds of the formula Va by selective re- 
duction of the nitro group in a manner known to the person skilled in the art, for example by hydrogen 
transfer reaction in the presence of a metal catalyst, for example palladium or, preferably, Raney nickel, 
in a lower alcohol as solvent using, for example, ammonium fbrmiate or, preferably, hydrazine hydrate 
as hydrogen donor. 

Compounds of the formula Ha, in which R1 . R2, R3, R31 , R41 , R5 and Har have the meanings indi- 
cated above in embodiment a whereby R41 is other than hydrogen, are accessible from the corre- 
sponding compounds of the formula IVa by reaction with corresponding compounds of the formula III. in 
which X represents a suitable leaving group, preferably a chlorine atom. 

Alternatively, compounds of the formula Ha can also be prepared from the corresponding compounds of 
the f onriU | a iv a and corresponding compounds of the formula III. in which X is hydroxyl, by reaction with 
amide bond linking reagents known to the person skilled in the art. Exemplary amide bond linking re- 
agents known to the person skilled in the art which may be mentioned are, for example, the carbodi- 
imides (e.g. dicyclohexylcarbodiimide or. preferably. 1-ethyl-3-(3-dfmethylaminopropyl)carbodiimide hy- 
drochloride), azodicarboxylic acid derivatives (e.g. diethyl azodicarboxylate), uronium salts [e.g. 

0- tbenzotriazoM-yD-N.N.N'.N'-tetramethyluronium tetrafiuoroborate or O-tbenzotriazol-lyO-N.N.N'.N"- 
tetramthyi-uronium-hexafluorophosphate] and N,N'-carbonyldiimidazole. In the scops of this invention 
p referre d amide bond linking reagents are uronium salts and, particularly, carbodiimjdes, preferably, 

1- ethyi-3-(3-dimethylaminopropyl)carbodiimide hydrochloride. 

Compounds of the formula III are either known or can be prepared in a known manner. 

Compounds of the formula la, in which R1 , R2. R3. R31. R41, R5 and Har have the meanings men- 
tioned in embodiment a whereby R41 is other than hydrogen, can be obtained by cyclocondensation of 
corresponding compounds of the formula lla. 

Said cyclocondensation reaction is carried out in a manner known per se to the person skilled in the art 
or as described by way of example in the following examples, according to Bischler-Napieralski (e.g. as 
described in J. Chem. Soc, 195B, 4280^282) in the presence of a suitable condensing agent, such as. 
for example, polyphosphoric acid, phosphorus pentachlorlde, phosphorus pentoxide or phosphorus 
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oxychlortde, in a suitable inert solvent e.g. in a chlorinated hydrocarbon such as chloroform, or in a cy- 
clic hydrocarbon such as toluene or xylene, or another fnert solvent such as isopropyl acetate or ace- 
tonitrile, or without further solvent using an excess of condensing agent, at reduced temperature, or at 
room temperature, or at elevated temperature or at the boiling temperature of the solvent or condensing 
agent used- If necessary, said cyclocondensation reaction can be carried out in the presence of one or 
more suitable Lewis Acids such as, for example, suitable metal halogenides (e.g. chlorides) or sulpha- 
nates (e.g. triflates), including rare earth metal salts, such as e.g. anhydrous aluminum trichloride, alu- 
minum tribromIde r zinc chloride, boron trffluoride ethereate, titanium tetrachloride or, in particular, tin 
tetrachloride, and the like. 

Parallel to the cyclization in the presence of a chlorine-comprising condensing agent (such as e.g. 
phosphorus pentachloride), an electrophilic substitution of the Har moiety giving the corresponding chlo- 
rine substituted Har moiety can take place, especially in the case of electron rich Har groups. 

Below reaction scheme 2 shows the synthesis of compounds of the formula Via, in which R1 , R2, R3, 
R31 and R5 have the meanings indicated above in embodiment a, from corresponding compounds of 
the formula Vila via reduction reaction of the carbonyl group. Suitable reducing agents for Uib above- 
mentioned reduction reaction may include, for example, metal hydride compounds such as, for exam- 
ple, diisopropylaluminium hydride, borane, sodium borohydride, sodium triacetoxyborohydride, sodium 
cyanoborohydride, zinc borohydride, potassium tri-sec-butylborohydride, sodium tri-sec- 
butylborohydride, lithium tri-eec-butylborohydride, pnsopinocampheyI-9-borabicyc|o[3.3.1]nonane and 
the like. The preferred examples of said reducing agents are sodium cyanoborohydride, 
isopinocampheyl-9-bonabicyclo[3.3.1]nonane and potassium tri-sec-butylborohydride. The most pre- 
ferred examples of the abovementioned reducing agents are p-isopinocarnpheyl-9- 
borabicyclo[3.3.l]nonane and potassium tri-sec-butylborohydride, which both allow to prepare com- 
pounds of the formula Via stereoselective^. "Stereoselective!/* in this connection means that those 
compounds of the formula Via, in which the hydrogen atoms in positions 1 and 3 are located at the op- 
posite side of the plane defined by the cyclohexane ring, are obtained preferentially. 

The compounds of the formula Vlla r in which R1, R2, R3, R31 and R5 have the meanings mentioned in 
embodiment a, are either known or can be obtained by the reaction of compounds of the formula JXa, in 
which R1 and R2 have the meanings mentioned above, with compounds of the formula Villa, in which 
R3, R31 and R5 have the meanings mentioned above In embodiment a. The cycjoaddltion reaction is 
carried out in a manner known to the person skilled in the art according to Diels-Alder, e.g. as described 
in J. Amer. Chem. 5oc 1957, 79, 6559 or in J. Org. Chem. 1952, 17, 581 or as described in the follow- 
ing examples. 
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Reaction scheme 2: 



R1 X ^^ (Xa) 



• 22> 



Rl'"^^ (IXa) 

R3-CH=C(OSi(CH 3 ) a )-C(RS)=CH-R31 (Villa) 




NO, (Vila) 




R31 

|iJ0 2 (Via) 



Compounds of the formulae Via or Va, in which the phenyl ring and the nitro group are trans to one an- 
other, can be converted in a manner known to the person skilled In the art into the corresponding cis 
compounds. e,g. as described in J. Amer. Chem. Soc, 1957, 79, 6559 or as described in the following 
examples. 

The compounds of the formulae Villa and IXa are either known or can be prepared in a known manner. 
The compounds of the formula IXa can be prepared, for example, in a manner known to the person 
skilled in the art from corresponding compounds of the formula Xa as described, for example, in J. 
Chem. Soc. 1951, 2524 or in J. Org. Chem. 1944, 9, 170 or as described in the following examples. 

The compounds of the formula Xa, in which R1 and R2 have the meanings indicated above in embodi- 
ment a, are either Known or can be prepared in a manner known to the person skilled in the art, as de- 
scribed, for example, in Ber. Dtsch. Chem. Ges. 1925, 58, 203. 

Compounds of formula lb according to embodiment b, in which R1 . R2, R3, R31, R4. R51 and Har 
have the meanings indicated above in embodiment b whereby R51 is other than hydrogen, can be pre- 
pared as described and shown in reaction scheme 3 below. 

In the first reaction step in reaction scheme 3, the nitro group of compounds of the formula Vlllb, in 
which R1, R2, R3, R31 and R4 have the meanings Indicated in embodiment b above, is reduced to ob- 
tain corresponding compounds of the formula Vllb. Said reduction reaction is carried out in a manner 
known to the person skilled in the art, for example as described in J. Org. Chem. 1962, 27, 4426 or as 
described in the following examples. More specifically, the reduction can be carried out, for example, by 
contacting compounds of the formula Vlllb with a hydrogen-producing mixture such as, preferably, me- 
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tallic zinc in a mildly acidic medium such as acetic acid in a lower alcohol such as methanol or ethanol 
at room temperature or at elevated temperature or, preferably, at the boiling temperature of the solvent 
mixture. Alternatively, the reduction can be carried out by selective reduction of the nitro group in a 
manner known to the person skilled in the art, for example by hydrogen transfer reaction in the pres- 
ence of a metal catalyst for example palladium or preferably Raney nickel, in a suitable solvent, pref- 
erably a lower alcohol, using, for example ammonium formiate or preferably hydrazine hydrate as hy- 
drogen donor. 

Reaction scheme 3: 

Har (III) 




Har Har 
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Compounds of the formula VHb obtained can be reacted, for example, as described byway of example 
in the following examples with compounds of the formula 111. in which R6 and R7 have the meanings 
given above and X represents a suitable leaving group, preferably a chlorine atom, to give correspond- 
ing compounds of the formula Vlb. 

Alternatively, compounds of the formula Vlb. in which R1, R2, R3. R31 . R4 and Har have the meanings 
given above in embodiment b, can also be prepared, for example, from corresponding compounds of 
the formula Vllb and corresponding compounds of the formula III, in which X is hydroxy!, by reaction 
with amide bond linking reagents known to the person skilled in the art Exemplary amide bond linking 
reagents known to the person skilled in the art which may be mentioned are. for example, the car- 
bodiimides(e.g. dicyclohexylcarbodiirnide or, preferably, l-ethyl-a-Ca-dimethylaminopropyDcarbodiimide 
hydrochloride), azodicarboxylic acid derivatives (e.g. diethyl azodicarboxylate), uronium salts [e.g. O- 
(benzotriazol-1-yl)-N,N.N'.N'-tetramethyluronium tetrafluoroborate or 0-(nenzotriazoMyl)-N,N,N<.N'- 
tetramthyl-uronium-hexafluorophosphate] and N,N'-carbonyldiimidazo|e. In the scope of this invention 
preferred amide bond linking reagents are uronium salts and, particularly, carbodiimides. preferably, 1- 
ettiyl-3-(3-dimethylaminopropyi)carbodiimide hydrochloride. 

In the next step compounds of the formula Vlb are converted into corresponding compounds of the 
formula vb by epoxidation reaction, which can be carried out as described in the following examples or 
in a manner known to one of ordinary skill in the art employing, for example, suitable epoxidation meth- 
ods or suitable epoxidation reagents such as, for example, peracids (e.g. m-chloroperbenzoic acid) or 
organic or Inorganic peroxides (e. g. dimethyldioxirane, hydrogene peroxide or persulfates). 

Compounds of the formula Vb obtained can be reduced by art-known methods to corresponding com- 
pounds of the formula IVb. More specifically, said reduction reaction can be performed employing, for 
example, as described by way of example in the following examples sodium borohydride as reductant 
Alternatively, said reduction reaction can be also carried out using, for example, lithium aluminium hy- 
dride or a reductive mixture comprising noble metals, such as platinium dioxide or palladium, and a 
suitable hydrogen donor. With the aid of each of those said reduction methods, compounds of the for- 
mula Vb can be converted largely regio- and diastereoselectively into compounds of the formula IVb, 
wherein the hydroxyl radical in position 1 and the amido radical in position 3 are located at the same 
side of the plane defined by the cyclohexane ring. 

It is moreover known to one of ordinary skill of the art, that the absolute configuration of a chiral carbon 
atom, preferably, to which a hydroxyl group and a hydrogen atom are bonded, can be inverted. Thus 
the configuration of the carbon atom in position 1 of compounds of the formula IVb can be optionally 
inverted. Said inversion of configuration of position 1 of compounds of the formula IVb can be achieved 
in a manner familiar to the person skilled in the art. for example by derealization of position 1 with a 
suitable leaving group and subsequent replacement of said leaving group by a suitable nucleophile in a 
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nucleophilic substitution reaction according to SN2 mechanism. Alternatively, said inversion of configu- 
ration of position 1 of compounds of the formula lVb can be also obtained, for example, as described by 
way of example in the following examples according to subsequently specified two step procedure 
shown in reaction scheme 4 below. In more detail, in the first step of said procedure shown in reaction 
scheme 4, exemplary compounds of the formula IVb*, in which R1 f R2 and Har have the meanings in- 
dicated above in embodiment b, and R3, R31 and R4 are hydrogen and position 1 has the R configura- 
tion, are converted by oxidation reaction into corresponding compounds of the formula IXb. Said oxida- 
tion is likewise carried out under conditions customary perse using, for example, chloranil, atmospheric 
oxygen, manganese dioxide or, preferably, chromium oxides as an oxidant. Then in the second step, 
compounds of the formula IXb obtained are converted by art-known reduction reaction of the keto 
group, preferably with metal hydride compounds or, more specifically, metal borahydrides, such as, for 
example, sodium borohydride, into corresponding compounds of formula IVb**, in which position 1 has 
now 5 configuration and thus the configuration of the carbon atom in position 1 is now inverted regard- 
ing to said compounds of the formula [Vb*. 

Reaction scheme 4: 




In the next reaction step of the synthesis route shown in reaction scheme 3 shown above, compounds 
of the formula IVb are converted into corresponding compounds of the formula lib by introduction of the 
group R51 whereby R51 is other than hydrogen. The introduction reaction is carried out in a manner 
habitual per se (e.g. via alkytetion or acylation reaction) or as described by way of example in the follow- 
ing examples. 

The cyclteation reaction leading to compounds of the formula lb, in which R1 t R2, R3, R31, R4, R51 
and Har have the meanings given above In embodiment b whereby R51 is other than hydrogen, can be 
carried out, for example, as described by way of example in the following examples or analogously or 
similarly thereto, or as mentioned above for compounds according to embodiment a. 

Compounds of the formula Vlllb, in which R1, R2, R3, R31 and R4 have the meanings mentioned 
above in embodiment b, are either known or can be obtained, for example as shown In reaction 
scheme 5, by the reaction of compounds of the formula IXa, in which R1 and R2 have the abovernsn- 

I 
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tioned meanings, with compounds of the formula Xb, in which R3, R31 and R4 have the meanings indi- 
cated above in embodiment b. 



Reaction scheme 5: 



R2 
R1 



XT' 



CHO 
(Xa) 



R2 
R1 




NOj 

(IXa) 

R3-CH=C(R4)-CH=CH-R31 PCM 




R31 
NO a (Vinb) 

The cycioaddition is in this case carried out in a manner known to the person skilled In the art according 
to Diels-Alder, e.g. as described in J. Amer. Chem. Soo. 1957, 79. 6559 or In J. Org. Chem. 1952. 17, 
581 or as described in the following examples. 

Compounds of the formula Vlllb, in which the phenyl ring and the nitro group are trans to one another, 
can be converted such as known to the person skilled in the art into the corresponding cis compounds. 
e.g. as described In J. Amer. Chem. Soc. 1957, 79. B559 or as described in the following examples. 

The compounds of the formula Xb are either known or can be prepared in a known manner. 

Optionally, compounds of the formula I can be also converted into further compounds of the formula I 
by methods known to one of orriina.y skill in the art. More specifically, for example, from compounds of 
the formula I in which 

a) R41 or R51 is hydrogen, the corresponding ester compounds can be obtained by esterification 
reactions; 

b) R41 or R51 is hydrogen, the corresponding ether compounds can be obtained by etherification 
reactions; 

c) R41 or R51 is an acyl group, the corresponding hydroxyl compounds can be obtained by de- 
esterifioation (e.g. saponification) reactions; 

d) RB and/ or R7 is chlorine, further compounds of formula I can be obtained via nucleophilic substi- 
tution reactions with N, S or O nucleophiles; 

e) R5 is an ester group, the corresponding carboxylic acid can be obtained via saponification; 
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The methods mentioned under a), b), c), d) and e.) are expediently carried out analogously to the 
methods known to the person skilled In the art or as described by way of example in the following ex- 
amples. 

Optionally, compounds of the formula I can be converted into their salts, or, optionally, salts of the com- 
pounds of the formula I can be converted into the free compounds. 

In addition, the compounds of the formula I can be converted, optionally, into their N-oxides, for exam- 
ple with the aid of hydrogen peroxide in methanol or with the aid of m-chlaroperoxybenzoic acid in di- 
chloromethane. The person skilled in the art is familiar on the basis of his/her expert knowledge with 
the reaction conditions which are specifically necessary for carrying out the N-oxjdation. 

The substances according to the invention are isolated and purified in a manner known per se, for ex- 
ample by distilling off the solvent under reduced pressure and recrystallfeing the residue obtained from 
a suitable solvent or subjecting it to one of the customary purification methods, such as, for example, 
column chromatography on a suitable support material. 

Salts are obtained by dissolving the free compound in a suitable solvent (e.g, a ketone, such as aceto-* 
ne. methyl ethyl ketone or methyl isobutyl ketone, an ether, such as diethyl ether, tetrahydroforan or 
dioxane, a chlorinated hydrocarbon, such as methylene chloride or chloroform, or a low-molecular- 
weight aliphatic alcohol, such as ethano) or isopropanol) which contains the desired add or base, or to 
which the desired acid or base is then added. The salts are obtained by filtering, reprecipitating, precipi- 
tating with a nonsolvent for the addition salt or by evaporating the solvent. Salts obtained can be con- 
verted into the free compounds, which can in turn be converted into salts, by alkaiization or by acidifica- 
tion. In this manner, pharmacologically unacceptable salts can be converted into pharmacologically ac- 
ceptable salts. 

Suitably, the conversions mentioned in this invention can be carried out analogously or similarly to 
methods which are familiar per ss to the person skilled in the ait 

The person skilled in the art knows on the basis of his/her knowledge and on the basis of those synthe- 
sis routes, which are shown and described within the description of this invention, how to find other 
possible synthesis routes for compounds of the formula 1. All these other possible synthesis routes'are 
also part of this invention. 

Having described the invention in detail, the scope of the present invention is not limited only to those 
described characteristics or embodiments. As will be apparent to persons skilled in the art, modifica- 
tions, analogies, variations, derivations, homologisations and adaptations to the described invention can 
be made on the base of art-known knowledge and/or, particularly, on the base of the disclosure (e.g. 
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the explicite, impifcite or inherent disclosure) of the present invention without departing from the spirit 
and scope of this invention. 

The following examples serve to illustrate the invention further without restricting it LiKewise, further 
compounds of the formula 1. whose preparation is not explicitly described, can pe prepared in an 
analogous or similar manner or in a manner familiar per se to the person skilled in the art using cus- 
tomary process techniques. 

The compounds which are mentioned in the following examples as well as their salts, N-oxides and 
salts of the N-oxides are a preferred subject of the present invention. 

In the examples, m.p. stands for melting point, h for hour(s), min for minutes, R, for rentention factor in 
thin layer chromatography, s.p. for sintering point, EF for empirical formula, MW for molecular weight, 
MS for mass spectrum. M for molecular ion, fhd. for found, calc. for calculated. 

According to common practice In stereochemistry, the symbols RS and SR are used to denote the spe- 
cific configuration of each of the chiral centers of a racemate. In more detail, for example, the term 
"(2RS,4aRS,10bRS)" stands for a racemate (racemic mixture) comprising the one enantiomer having 
the configuration (2R,4aR,10bR) and the other enantiomer having the configuration (2S,4aS.10bS). 
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Examples 

Final Compounds 

1 . (2RS,4aRS,1 0bRS)-6-(2, 6-Dimothoxy-py ridin^-y l)-9HBthoxy~8-methoxy-1 ,Z,3,4,4a,1 Ob- 
hoxahydro-phonanthridin-2-ol 

423 mg of acetic acid (2R5,4aRS,10bRS}-6-(2,6-dimQthoxy'pyridin-3-yl)-9-ethoxy-B-msthoxy-- 

1 ,2,3,4,4a, 10b-hexahydro-phenanthrldin-2-yl ester (Example 18) dissolved in 1 ml of dichloromethane 

and 9 ml of methanol are added to 152 mg of cesium carbonate and the solution stirred for 19 h. The 

reaction mixture is adsorbed to silica gel and purified by flash chromatography to give 229 mg of the 

title compound as a colourless foam. 

EF: C^HzaNaOfi; MW; cala: 412.49 

MS: fnd.: 413.3 (MFT) 

Starting from the appropriate ester compounds, which are mentioned or described explicitly below, or 
which can be prepared in a manner known to the person skilled in the art or analogously or similarly to 
the examples described herein, the following and also further relevant non-explicjtly described similar 
compounds are obtained according to the procedure as !n Example 1. 

2. (2RS,4aRS,1 0bRS)-9-Ethoxy-B-methoxy-6^(3-methy l-4HHmida20l-4-y l)-1 f 2 p 3p4 v 4a,1 Db- 
hoxafiydro-phenanthridin-2-ol 

EF: C 2 oH25N 3 O a ; MW; cala: 355.44 
MS: fnd.: 356.3 (MH T ) 

3. (2RS^R5,10bRS)^-Ethoay^^eUioxy^2-^ 
hoxahydro-phenanthridSn-2-ol 

EF: C 2a H2sN30 3 S; MW; cala: 435.55 
MS: fnd.: 436.2 (MH*) 

4. (2R5 3 4aRS,10bRS)-9-Ethoxy-S-lsoxazol-5-yl-8-motiioxy-1,2,3,4,4a,10b-hexahydro- 
pbenanthrIdIn-2-ol 

EF: C^H^NzO^ MW: cala: 342.4 
MS: fnd.: 343.2 (MH*) 

5. (aRS^aRS,! ObRS)-8 s 947lm0thoxy-6-pyrldln-4-y 1-1 ,2,3,4,43,1 Ob-hexahydro- 
phenanthridin-2-ol 

EF: CzoHazNstOs; MW: cala: 338.41 
MS: fnd.: 339.4 (MH + ) 
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B. (2RS J 4aRS l l0bRS)-8.9-Dimethoxy-e-pyridin-3-yM,2,3^,4a,10b-hBxahydro- 

phenanthrtdln-2-oI 

EF: CzoHaNaCb; MW: calc: 338.41 
MS: fnd.: 33S.3 (MH*) 

7. (2RS,4aRS,10bRS)-a>DlmBtho3«y.e.(6-morpholin-4^l-pyridin-3-ylH,2 l 3,4,4a,10b- 

hexahydro-phenanthridSn-2-ol 

EF: C Z4 H29N30 4 ; MW: calc: 423.52 
MS: fnd.: 424.4 (MH + ) 

8. (2RS^RS.10bRSH-BBnzo[1,2,5Joxadlazol-5-yl-9-(1 l 1-dlfluoro-metbojcy)-a-methoxy- 

1 a 2,3A4a,10b-hexahydro-phBnanthrid!n-2-ol 

EF: C Z1 H 13 F 2 N 3 04; MW: calc: 415.4 
MS: fnd.: 416.2 (MH*) 

9. (2RS,4aRS,10bRS)-6-Benzo[1,2,B]oxadiazo!-5.yl-9-(2,2-dffiuoro-8thBxy)-8-metho3«y- 
1 ,2,3 A4a,1 0b»hexahydro-phenanttiridln-2-ol 

EF: C K H z iF 2 N30 4 ; MW: calc: 429.43 
MS: fnd.: 430.3 (MH*) 

10. (2RS^aRS,10bRS)-e^Bnro[1,2^lnxadlazol-5-yI-8-(1 s 1-dlfluoro-metlioxy)-9-mBthoxy- 
1 ,2,3 ,4,4a,1 0b-hexahydro-phBnanthxidin-2-ol 

EF: C 21 Hi S F 2 N a 0 4 ; MW: calc: 415.4 
MS: fnd.: 416.3 (MH + ) 

1 1 . (2RS,4aRS,1 0bRS)-«-(2^-DIhydro-benzo[1 ,4]dloxln-6-yl)-9-attioxy-a-metboxy- 
1 ,2,3,4^3,1 Ob-hexahydro-phcnanthridin-Z-ol 

EF: C 24 HetNO s ; MW: calc: 409.49 
MS: fnd.: 410.3 (MH*) 

12. (2RS^aRS,10bRS).B-BBnzo|;i > 3]dioxol-5-yl-9-ethoKy-8.m8thoxy-1,2,3 ) 4,4a,10b-hexahydro- 

phetianthrldln-2-ol 

EF: C 23 H 2B N0 5 ; MW: calc: 395.46 
MS: fnd,: 396.2 (MH*) 

13. (2RS,4aRS,1 0bRS)-8.BBnzothiazoW-yl-9-Bthoxy-8-mBthoxy-1 ,2,3,4,4a,iab-hBxahydro- 

phananthrldln-2-ol 

EF: CzaHyNzOaS; MW: calc: 408.52 
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MS: fnd.: 409.2 (MH*) 

1 4. (2RS,4aRS ( 1 0bRS)-B s 9-Dlmethoxy*6-quIno|ln^6-yM,2 s 3 A4a,1 Ob-hexahydro- 
phenanthrldin-2-ol 

EF: C M Ha4N 2 0 3 ; MW: calc: 388.47 
MS: fnd.: 389.4 (MH + ) 

1 5. (2RS J 4aRS,1 ObRS)-6^2^DSfluoro4jenzo[1 ,3]dloxol-5-yl)'8,9-dJmethoxy-1 ,2,3,4^,1 Ob- 
hexahydro-phehanthrIdln-2-ol 

EF: C^Hz^zNOs; MW: calc: 417.41 
MS: fnd.: 418.4 (MH + ) 

16. (2RS^aRS,10bRS)-e-Benzo[1,2 s 5fc 
hexahydro-phenanthriduv2-ol 

EF: CzaHzaNsO^ MW: cala: 393.45 
MS: fnd.: 394.3 (MH*) 

17. (2RS,4aRS,10bRS)^~Ethoxy-8^ethoxy-6^1-mat^ 
hexahydro-phenanthridln-2-ol 

1 8. Acetic acid (2RS,4aRS,1 0bRS)-6-(2,6~dimethoxy-py ridin-3-y l)-3~ethoxy-B-methoxy- 
1 ,2,3,4,43,1 Ob-hexabydro-phanantliridIn-2-yl ester 

1.67 g of phosphorus pantachloride are suspended in 5 ml of dichloromethane. 1.227 g of crude acetic 
acid (1 RS,3RS ? 4RSHH[1 -(2 r 6-dimethoxy^yndin-3-yl)^ 

methoxyphenyljcyclohexyl ester (compound A1) dissolved in 15 ml of dichloromethane are added and 
the reaction mixture stirred at room temperature over night The reaction mixture is cooled with an ice 
bath and 20 ml of triethylamins are added, than cautiously 10 ml of water with vigorous strirring. The 
organic layer is separated, concentrated and the crude product purified by flash chromatography to give 
715 mg of the title compound. 
EF: CasHaoNzOe; MW: cala: 454,53 
MS: fhd.: 455,2 (Mhf) 

Starting from the appropriate starting compounds, which are mentioned or described explicitly below r or 
which can be prepared fn a manner known to the person skilled in the art or analogously or similarly to 
the examples described herein, the following and also further relevant, non-exp)icitly described similar 
compounds are obtained according to the procedure as in Example 18. If necessary, the cyclization 
reaction can be carried out in the presence of a catalytic amount of a Lewis acid such e.g. tin tetrachlo- 
ride. 
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19. Acetic acid (2RS/taFS,10bRS)-9.ethoxy-«-niethoxy.6-(3-mBthyl-3H-Jmldazol-4-yl)- 
1 ,2,3 A4a,10b-hexahydro-phenanthrldln-2-yl ester 

EF: CzzHztNsO^ MW: calc: 397.48 
MS: fnd.: 398.2 (MH*) 

20. Acetic ac|d (2RS/teR5,10bRS)-9-ethoxy-8-methoxy.6.(2-pyridin-3-yMh(azol-4-yl)- 
1 ,2,3,4,4a,1 ob-hexahydro-phenanthridin-2-yl ester 

EF: CbjHztNbOoS; MW: calc: 477.59 
MS: fnd.: 478.2 (MH*) 

21. Acetic acid (2RS,4aRS,10bRS)-9-etnoxy-B-isoxazol-5-yl-8-methoxy-1,2,3^a,10b- 
hexahydro-phenanthrfdin-2-yl ester 

EF: C21H24N2OS; MW: calc: 384.44 
MS: frid.: 385.2 (MH*) 

22. Aeetie acid (2RS^4aRS,10bRS)-8,9-dimetnoxy-B^iyridin^-yl-1,2,3,4^a,10p.hexahydro. 

phenanthridin-2-yl ester 

EF: CzzHmNzO^ MW: calc: 380.45 
MS: fnd.: 381.3 (MH*) 

23. Acetic add (2R5,4aRS,10bRS)-B,9.dimethoxy-6.pyrldln-3-yM,2^,4.4a,10b-hexahydro- 
phenanthridin-Z-yl ester 

EF: C^Hz-jNzO^ MW: calc: 380.45 
MS: fnd.: 381.3 (MH*) 

1 

24. Acetic acid (2RS,4aRS,10bRS)-«,9-dlrnetboxy-6-(e-morpholln-4-yl-pyridin-3-yl)- 
1,2,3,4,4a,10b-hexahydro-phenanthridln.2-yl ester 

EF: C 2 sHsiN 3 06; MW: calc: 465.44 
MS: fnd.: 466.4 (MH*) 

25. Acetic acid (2RS,4aRS,1 0bRS)-B-benzo[1 ,2,5]oxadiazol-5-yl-9-<1 ,1-difluoro-methoxy)-8. 
methoxy-1 l 2,3,4,4a,10b-hexahydro-phenanthrtdln2-yl ester 

EF: C 23 H2iF 2 N 3 O s ; MW: calc: 457.44 
MS: fnd.: 458.2 (MH*) 

28. Acetic acid (2RS r 4aRS,1 0bRS).B.benzo[1,2 3 5]oxadlazoi-5-yl-9-(2,2Hilfluoro^ttioxy)-B- 
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methoxy-1 ,2 f 3,4,4a,10b-hexahydro-phGnanthriciin-2-yl ester 

EF; C^HssFaNaOs; MW: calc: 471.46 
MS: fnd.: 472.2 (MH*) 

27. Acetic acid (2RS,4aRS 3 1 0bRS)-643enzo[1,2,5]oxadiazol^yl-S-(1 .l-dlfluoro-methoxy)^- 
methoxy-1 ,2,3,4,4a,! Ob-hexahydro-phGnanthridln-2-yl ester 

28. Acetic acid (2RS^aRS ? 1 0bRShe^2,3^ ihydro-benzo [1 X]ti|Koxln-6-yl)-9-atf|oxy-S-methoxy- 
1 ,2,3,4 ? 4a,1 0 b-h exahy dro-phenanthfidi n-2-y I ester 

EF: C2 B H 2 qF 2 N0 6 ; MW: calc: 451.52 
MS: fnd.: 452.3 (MH + ) 

29. Acetic acid (2RS,4aRS,10bRS)-6«benzol1,3]dloxol«5-yW-othoxy-8-met|ioxy.1 ,2,3,4,4a,! Ob- 
hexahydro-phenanttiridin-2~yI ester 

EF: CasHz/NOB; MW: calc: 437.5 
MS: fnd.: 438.2 (MH + ) 

30. Acetic acid (2RS^aRS,l0bRS)-6-bBnzothiazol-€*yI-9-ethoxy-6.methoxy-1 ,2,3 A4a,1 0b- 
hexahydro-phananthridin-2-yl ester 

EF: C Z5 H 2 gN20 4 S; MW: cala: 450.56 
MS: fnd.: 451.2 (MH*) 

31. Acetic acid (2RS l 4aRS,10bRS)-B,9-dimethoxy^^uinoISn^-yl-1,2,3A4a,10b-hexahydro- 
phenanthridin-2-yJ ester 

EF: C^HzeNsO^ MW: calc: 430.51 
MS; fnd,: 431.3 (MH*) 

32. Acetic acid (2RS^aRS > 10bRS)-6-(2,2^ffluoro4jenzo[1 r 3JdjoxoW^|)^,9KlImethoxy- 
1 ,2,3 A4a,1 Ob-hexahydro-phenanth ridfn-2-yl ester 

EF: C 24 H^F2NO e ; MW: calc: 459.48 
MS: fnd.: 460,3 (MH*) 

33. Acetic acid (2RS^aRS,10bRS)-B-benzo[1,2 J 5]oxadtazoW-y|-9-ethoxy.8-methoxy- 
1 ,2,3 ,4,4a ,1 Ob-hexahydro-phBnanthridin-2-yl ester 

EF: C 24 H25NaO s ; MW: calc: 435.4a 
MS: fnd.: 436.3 (MH 4 ) 
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34. Acetic acid (2 RS l 4aRS,10bRS)-9-9thoxy-8Ki!eWoxy-6-(1-niethyl-1H-inifdazol-2^l)- 
1 ,2,3A4a,10b-hexahyaro^ihenanthricJln-2-y! ester 

EF: Ca.H 27 N 3 0 4 ; MW: calc: 397.48 
MS: fnd.: 398.2 (WlH*) 
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Starting Materials 

A1„ Acetic acid (1RS,3RS,4RS)^[1-(2 3 6KHmethoxy^ 
ethoxy-4Hnwtho*yphenyl)cyc!ohexyl ester 

555 mg of 2,6-dimethoxynicotinic acid and 581 mg of N-ethyl-NM3-dimethylarninoprDpyI)carbodiirT)idB 
hydrochloride are placed In a flask under nitrogen. 778 mg of acetic acid (1 RS,3RS,4RS)-4-amino-3-(3- 
ethoxy-4-methoxyphenyl)cyclohexyl ester (compound B1) and 2 mg of 4-dimethy!aminopyridine both as 
solution in dichloromethane are added and the solution stirred for 1 h at 40°C I than 42 h at room tempe- 
rature. The reaction is quenched with 5 ml of water. After phase separation the organic layer is washed 
with 2.5 ml of saturated potassium hydrogencarbonate solution. After drying the organic layer with 
magnesium sulfate the solvent is removed to give 1 .227 g of the crude title compound which are used 
for the following step without further purification. 

Starting from the appropriate commercially available or art-known heteroaryl carboxylic acids and the 
appropriate compound B1 f B2, B3, B4 or B5 further relevant, non-explicit|y described starting com- 
pounds analogous to compound A1 , which are also used to give via the abovementioned cyclization 
step the compounds mentioned above, are obtained according to the procedure as in Example A1- 

B1 . Acetic acid (1 R5,3RS,4RS)-4-amino*3-{3-sth oxy-4-methoxy-phe ny l)-cydohexy I ester 

Starting from compound C1 mentioned below, the title compound is obtained analogously to the proce- 
dure as in Example B2. 
EF: C 17 H2sN0 4 ; MW: 307.39 
WIS: 308.0 (MH*) 

B2. Acetic acid (1RS 9 3RS,4RS)-4-amino-3-(3 p 4-dimethoxyphenyl)cyclohexyl ester 

A solution of 10.37 g of acetic acid (1RS,3RS r 4RS)-3-(3,4-dImethoxyphenyl)-4-nitrDcycIohexyI ester 
(compound C2) in 240 mi of ethanol is added to a zinc-copper couple, prepared from 16.8 g of zinc 
powder and 020 mg of copper (II) acetate monohydrate in acetic acid, the resulting suspension is re- 
fluxed and treated with 26 ml of acetic acid, 3.2 ml of water and 26 ml of ethanol. The resulting mixture 
is refluxed for further 15 min. The precipitate is filtered off with suction and the solvent is removed. 
Chromatographical purification on silica ge! using a mixture of petroleum ether/ethyl acetate/triethyl- 
amine in the ratio 2/7/1 and concentration of the corresponding eluate fractions afford 5.13 g (55 % of 
theory) of the title compound as a pale brown oil. 
R f » a.35 (petroleum ether/ethyl acetate/triethylamine = 2/7/1) 

B3. Acetic acid (1 RS,3RS 3 4RS)-^mlno-3-|4.(1 , 1 <f If luoro-methoxy)-3-metboxy-ph enyQ- 
cyclohexyl ester 

Starting from compound C3 mentioned below, the title compound is obtained analogously to the proce- 
dure as in Example B2, 
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EF: C 1B HziFgN0 4 ; MW: 32S.35 
MS: 330.D (MH + ) 

B4. Acetic acid (1 R5,3RS,4RS)-4-amino-3-[3-(1 /l-dffluoro-methojiy)-4-mBthoxy-phBnyl]- 
cyclohexyl ester 

Starting from compound C4 mentioned below, the title compound is obtained analogously to the proce- 
dure as in Example B2. 
EF: C 1B H 21 F S N0 4 ; MW: 329.35 
MS: 330.0 (MH*) 

B5. Acetic acid (1 RS,3RS,4RS)-4-amino-3-[3K2,Z^inuorc^thoKy)^metho3^-phenylJ- 
cyclohexyl ester 

Starting from compound C5 mentioned below, the title compound is obtained analogously to the proce- 
dure as in Example B2. 

CI . Acetic acid (1 RS,3RS s 4RS)^3-(3-etho^-l-inethoxy-phenyl)-4-nitrocyclohexyl ester 
Starting from compound D1 mentioned below, the title compound is obtained according to the proce- 
dure as in Example C2. 

C2. Acetic acid (iRS,3RS^RS)^-(3 1 4-dimethoxyphenyl)-4'nltrocyclohexyl ester 

10.18 g of (lRS,3RS,4RS)-3-(3,4-dimethoxyphenyD-4-nitrocyclohexanol (compound D2) are dissolved 
in 100 ml of acetic anhydride and the solution is heated to 100"C for 1-2 h. After removal of the solvent, 
the residue is chromatographed on silica gel using a mixture of petroleum ether/ethyl acetate in the ra- 
tio 2/1. Concentration of the corresponding eiuate fractions furnish 1 0.37 g (89 % of theoiy) of the title 
compound as an oil. 

R r = 0.32 (petroleum ether/ethyl acetate = 2/1) 

Starting from the starting compounds mentioned below, the following are obtained according to the 
procedure as in Example C2: 

C3. Acetic acid (iRS^RS/*RS)^-[4-(1,1-dinuoro.methoxy)-3-methoxy-phenyi]-4- 
nltrocyclohoxyl ester 

C4. Acetic acid (1 RS,3RS,4RS)-3-{3-(1 ,1 ^ffluorOMrnetho^-^ethoxy-phenyiM- 
nltrocyclohexyl ester 

C6. Acetic acid (iRS,3RS,4RS)-3-(3-(2,2^lfIuoro-ethoxy)^ethoxy-phenyll-4-nltrocyclohe3cyI 
ester 
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D1 ■ (1 RS,3RS^S)^-(3^thow^niethoxy-phenyl)-^nrtfocycIohexanol 

Starting from compound E1 mentioned below, the title compound is obtained according to the proce- 
dure as in Example D2. 

DZ. (IRS^RS^RSJ-S^^DimethowheiiylJ^-fiitrocycIohexanol 

10 g of (iRS^RS^R^a-tS^-dimethoxyphenylH-nitro^clohexanol (compound E2) are dissolved in 
170 ml of absolute 1,2-dimethoxyethane. 14,3 ml of a 30 % solution of sodium methanolate in methanol 
are added dropwise. After complete addition, stirring is continued for 10 min and a mixture consisting 
of 85 % phosphoric acid and methanol is added to pH 1. By adding of saturated potassium hydrogen- 
carbonate solution the resulting suspension is neutralized. The mixture is diluted with wster and di- 
chloromethane, the organic layer is separated and extracted with dichloromethane. The solvents are 
removed under reduced pressure to yield the title compound as a pale yellow oil, which crystallizes. The 
title compound is used without further purification in the next step. 
Rr= 0.29 (petroleum ether/ethyl acetate = 1/1) 
M.p.: 126-127X 

Starting from the appropriate starting compounds mentioned below, the following are obtained accord- 
ing to the procedure as in Example D2: 

D3. (1RS^R5,4RS)-3-[M1 a 1-Difluoro^ 

D4, (1RS,3RS^RS)^-[3-(1,1^!fluoro-meto^ 

D5. (1RS f 3R5,4RS)-3-{3-(2;2-Dlfluoro^tt^ 

E1 . (1 RS,3RS^RJ-3-(3-Ethoxy-4Hrnethoxy^hony l)-4-ofrocycloh*xanol 

Starting frpm compound F1 mentioned below, the title compound is obtained according to the proce- 
dure as in Example E2. 

E2. (1RS,3RS 3 4SR)-3-(3 ? 4-DlmethO)cyph8nyl)-4-nltrocyc|ohexanoI 

Under nitrogen atmosphere 16.76 g of (SRS^SRJ-S^a^-dimethoxyphenyD-^nitrocyclohexanone 
(compound F2) are dissolved in 300 ml of tetrahydrofurane, the solution is cooled to -78 a C, and 75 ml 
of 1 M solution of potassium tri-sec-butylborohydride in tetrahydrofurane is added dropwise. After stir- 
ring for further 1 h, a mixture consisting of 30% hydrogeneperoxide solution and phosphate buffer solu- 
tion is added. Stirring is continued for further 10 min, the reaction mixture is diluted with 400 ml of ethyl 
acetate and the aqueous layer is extracted with ethyf acetate, the combined organic phases are con- 
centrated to give a foam, which is purified by chromatography on silica get using a mixture of petroleum 
ether/ethyl acetate in the ratio 1/1 to furnish 10.18 g (60 % of ifteory) of the title compound. 
EF: C^H 1Q NO s ; WIW; 281.31 
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MS: 299.1 (MNH 4 *) 

R,= 0.29 (petroleum ether/ethyl acetate = 1/1) 
M.p.: 139-141 °C 

Starting from the appropriate starting compounds mentioned below, the following are obtained accord- 
ing to the procedure as in Example E2: 

E3. (iRS^RS^^^I.I-DffluoroHnethoxy^-methoxyiJhenyn^nHroeyclohejranol 

E4. (iRS,3RS^R)^-t3-(1,1-D<nu°™-^^ 
E5. (iR S ,3RS^R)-3-(3.(2,24^^ 

F1 (3RS,4^R)-3-(3^thoxy-^ethoxy-phenyl)-4-nKrocyclohe3tanone 

Starting from compound G1 mentioned below, the title compound is obtained according to the proce- 
dure as in Example F2. 

F2 (3RS,4SR)-3-(3,4-Dimethoxyphenyl)-4-nitrocyclohexanonB 

90 0 g of 3,4-dimethoxy-co-nitrostyrene (compound G2), 90 ml of 2-trimethylsilyloxy-1,3-butediene and 

180 ml of abs. toluene are pot in an autoclave, where the mixture is stirred at 140"C for 2 days and then 

cooled After addition of 1 000 ml of ethyl acetate, 300 ml of a 2 N solution of hydrochloric acid are 

dropped under stirring. The phases are separated and the aqueous layer is extracted three times w,th 

dichloromethane. The combined organic extracts are washed with saturated sodium hydrogencarbon- 

at e solution, dried over magnesium sulfate and the solvents are removed under reduced pressure to 

give 150 g of the crude title compound. Further purification is carried out by chromatography on s,l,ca 

gel using petroleum ether/ethyl acetate in the ratio 1/1 as eluent to give B1 .6 g (57 % of theory) of the 

pure title compound. 

EF: C„H 17 NO s ; MW: 279.30 

WIS: 279 (M*), 297.1 (MNH,*) 

R f = 0.47 (petroleum ether/ethyl acetate = 1/1) 

M.p.: 147-14B°C 

Starting from the appropriate starting compounds mentioned be.ow, the following are obtained accord- 
ing to the procedure as in Example F2: 

F3. (3RS^SR)^H:4H1,1-Difluoro.niethoxy)-3.methesy-phenyl]-4-nStrocycIohe3ianone 
F4, (3RS^SR)-3-P-d.1 43ifluoro^netho3cy)^-methoxy-phenyl]-4-nltrocyclohexanone 
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F5. (3RS,45R)-3-(3-(2£-DffiuoroH?thoxy)-4^^ 
G1. 3-Ethoxy-4-mBthoxy-pheny!-a»-nitrostyrene 

Starting from art-known starting compounds, the title compound is obtained according to the procedure 
as in Example G2: 

G2. 3,4^methoxy^nitrostyrene 

207.0 g of 3,4-dimethoxybenzaldehyde, 100.0 g of ammonium acetate and 125 ml of nrtromethane are 
heated to boiling for 3-4 h in 1.0 I of glacial acetic add. After cooling In an ice bath, the precipitate is 
filtered off with suction, rinsed with glacial acetic acid and petroleum ether and dried. M.p.: 140-141 °C. 
Yield: 179.0 g. 

Starting from starting compounds which are art-known or which can be obtained analogously to art- 
known compounds, the following are obtained according to the procedure as in Example G2: 

G3. 4-(1 ,1-Dmuoro-4iiGthoxy)-3-methoxy^ihenyl-<o-nitrostyren0 

G4. 3-(1 ,1-Difluoro-methoxy)-4-methoxy-pbenyl-oi-nitfOslyren^ 

G5, 3^2,2nDffluoro-ethoxy^)-methoxy'pheny|wD-nltros^yrene 
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CommBrclal utility. 

The compounds according to the invention have useful pharmacological properties which make them 
industrially utilizable. As selective cyclic nucleotide phosphodiesterase (PDE) inhibitors (specifically of 
type 4), they are suitable on the one hand as bronchial therapeutics (for the treatment of airway 
obstructions on account of their dilating action but also on account of their respiratory rate- or respira- 
tory drive-increasing action) and for the removal of erectile dysfunction on account of their vascular 
dilating action, but on the other hand especially for the treatment of disorders, in particular of an 
inflammatory nature, e.g. of the airways (asthma prophylaxis), of the skin, of the intestine, of the eyes, 
of the CN3 and of the joints, which are mediated by mediators such as histamine, PAF (platelet-acti- 
vating factor), arachldonic acid derivatives such as leukotrienes and prostaglandins, cytokines, 
interleukins, chemokines, alpha-, beta- and gamma-interferon, tumor necrosis factor (TNF) or oxygen 
free radicals and proteases. In this context, the compounds according to the invention are distinguished 
by a low toxicity, a good enteral absorption (high bioavailability), a large therapeutic breadth and the 
absence of significant side effects. 

On account of their PDE-inhibiting properties, the compounds according to the invention can be em- 
ployed in human and veterinary medicine as therapeutics, where they can be used, for example, for the 
treatment and prophylaxis of the following illnesses: acute and chronic (in particular inflammatory and 
allergen-induced) airway disorders of vaiying origin (bronchitis, allergic bronchitis, bronchial asthma, 
emphysema, COPD); dermatoses (especially of proliferative, inflammatory and allergic type) such as 
psoriasis (vulgaris), toxic and allergic contact eczema, atopic eczema, seborrheic eczema, Lichen 
simplex, sunburn, pruritus in the anogenital area, alopecia areata, hypertrophic scars, discoid lupus ery- 
thematosus, follicular and widespread pyodermias, endogenous and exogenous acne, acne rosacea 
and other proliferative, inflammatory and allergic skin disorders; disorders which are based on an ex- 
cessive release of TNF and leukotrienes, for example disorders of the arthritis type (rheumatoid arthri- 
tis, rheumatoid spondylitis, osteoarthritis and other arthritic conditions), disorders of the Immune system 
(AIDS, multiple sclerosis), graft versus host reaction, allograft rejections, types of shock (septic shock, 
endotoxin shock, gram-negative sepsis, toxic shock syndrome and AROS (adult respiratory distress 
syndrome)) and also generalized inflammations in the gastrointestinal region (Crohn's disease and ul- 
cerative colitis); disorders which are based on allergic and/or chronic, immunological false reactions in 
the region of the upper airways (pharynx, nose) and the adjacent regions (paranasal sinuses, eyes), 
such as allergic rhinitis/sinusitis, chronic rhinitis/sinusitis, allergic conjunctivitis and also nasal polyps; 
but also disorders of the heart which can be treated by PDE inhibitors, such as cardiac insufficiency, or 
disorders which can be treated on account of the tissue-relaxant action of the PDE inhibitors, such as, 
for example, erectile dysfunction or colics of the kidneys and of the ureters in connection with kidney 
stones. In addition, the compounds of the invention are useful in the treatment of diabetes insipidus and 
conditions associated with cerebral metabolic inhibition, such as cerebral senility, senile dementia (Alz- 
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hairnets disease), memory impairment associated with Parkinson's disease or multiinfarct dementia; 
and also illnesses of the central nervous system, such as depressions or arteriosclerotic dementia. 

The invention further relates to a method for the treatment of mammals, including humans, which are 
suffering from one of the above mentioned illnesses. The method is characterized in that a therapeuti- 
cally active and pharmacologically effective and tolerable amount of one or more of the compounds ac- 
cording to the invention is administered to the ill mammal 

The invention further relates to the compounds according to the invention for use in the treatment 
and/or prophylaxis of illnesses, especially the illnesses mentioned. 

The invention also relates to the use of the compounds according to the invention for the production of 
pharmaceutical compositions which are employed for the treatment and/or prophylaxis of the Illnesses 
mentioned. 

The invention also relates to the use of the compounds according to the invention for the production of 
pharmaceutical compositions for treating disorders which are mediated by phosphodiesterases, in par- 
ticular PDE4-mediated disorders, such as, for example, those mentioned in the specification of this in- 
vention or those which are apparent or known to the sKilled person. 

The invention also relates to the use of the compounds according to the invention for the manufacture 
of pharmaceutical compositions having a PDE4 inhibitory activity. 

The invention furthermore relates to pharmaceutical compositions for the treatment and/or prophylaxis 
of the illnesses mentioned comprising one or more of the compounds according to the invention. 

Additionally, the invention relates to an article of manufacture, which comprises packaging material and 
a pharmaceutical agent contained within said packaging material, wherein the pharmaceutical agent is 
therapeutically effective for antagonizing the effects of the cyclic nucleotide phosphodiesterase of type 4 
(PDE4), ameliorating the symptoms of an PDE4-mediated disorder, and wherein the packaging mate- 
rial comprises a label or package insert which indicates that the pharmaceutical agent is useful for pre- 
venting or treating PDE4-mediated disorders, and wherein said pharmaceutical agent comprises one or 
more compounds of formula 1 according to the invention. The packaging material, label and package 
insert otherwise parallel or resemble what is generally regarded as standard packaging material, labels 
and package inserts for pharmaceuticals having related utilities. 

The pharmaceutical compositions are prepared by processes which are known per se and familiar to 
the person skilled in the art As pharmaceutical compositions, the compounds according to the inven- 
tion (= active compounds) are either employed as such, or preferably in combination with suitable phar- 
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maceutical auxiliaries and/or excipients. e.g. in the form of tablets, coated tablets, capsules, caplets, 
suppositories, patches (e.g. as TTS), emulsions, suspensions, gels or solutions, the active compound 
content advantageously being between 0.1 and 95% and where, by the appropriate choice of the auxil- 
iaries and/or excipients, a pharmaceutical administration form (e.g. a delayed release form or an enteric 
form) exactly suited to the active compound andtor to the desired onset of action can be achieved. 

The person skilled in the art is familiar with auxiliaries, excipients, earners, vehicles, diluents or adju- 
vants which are suitable for the desired pharmaceutical formulations on account of his/her expert 
knowledge. In addition to solvents, ge! formers, ointment bases and other active compound excipients, 
for example antioxidants, dlspersants, emulsifiers, preservatives, solubllteers, colorants, compiexing 
agents or permeation promoters, can be used. 

The administration of the pharmaceutical compositions according to the invention may be performed in 
any of the generally accepted modes of administration available in the art Illustrative examples of suit- 
able modes of administration include intravenous, oral, nasal, parenteral, topical, transdermal and rectal 
delivery. Oral delivery is preferred. 

For the treatment of disorders of the respiratory tract, the compounds according to the invention are 
preferably also administered by inhalation in the form of an aerosol; the aerosol particles of solid, liquid 
or mixed composition preferably having a diameter of 0.5 to 1 0 pm, advantagsously of 2 to 8 um. 

Aerosol generation can be carried out, for example, by pressure-driven jet atomizers or ultrasonic atom- 
izers, but advantageously by propellant-driven metered aerosols or propellant-free administration of 
micronized active compounds from inhalation capsules. 

Depending on the inhaler system used, in addition to the active compounds the administration forms 
additionally contain the required excipients, such as, for example, propellants (e.g. Frigen in the case of 
metered aerosols), surface-active substances, emulsifiers, stabilizers, preservatives, flavorings, fillers 
(e.g. lactose in the case of powder inhalers) or, if appropriate, further active compounds. 

For the purposes of inhalation, a large number of apparatuses are available with which aerosols of op- 
timum particle size can be generated and administered, using an inhalation technique which is as right 
as possible for the patient in addition to the use of adaptors (spacers, expanders) and pear-shaped 
containers (e.g. Nebulator®, Volumatic©), and automatic devices emitting a puffer spray (Autohaler®), 
for metared aero soIs, in particular in the case of powder inhalers, a number of technical solutions are 
available (e.g. Diskhaler®, Rotadisk®, Turbohaler® or the inhaler described in European Patent Appli- 
cation EP 0 505 321), using which an optimal administration of active compound can be achieved. 
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For the treatment of dermatoses, the compounds according to the invention are in particular administe- 
red In the form of those pharmaceutical compositions which are suitable for topical application. For the 
production of the pharmaceutical compositions, the compounds according to the invention (= active 
compounds) are preferably mixed with suitable pharmaceutical auxiliaries and further processed to give 
suitable pharmaceutical formulations. Suitable pharmaceutical formulations are, for example, powders, 
emulsions, suspensions, sprays, oils, ointments, fatly ointments, creams, pastes, gels or solutions. 

The pharmaceutical compositions according to the invention are prepared by processes known par se. 
The dosage of the active compounds is carried out in the order of magnitude customary for PDE inhibi- 
tors. Topical application forms (such as ointments) for the treatment of dermatoses thus contain the 
active compounds in a concentration of, for example, 0.1-99%. The dose for administration by inhala- 
tion is customarly between 0.01 and 3 mg per day. The customary dose in the case of systemic therapy 
(p.o. or i.v.) is between 0.003 and 3 mg/kg per day. In another embodiment, the dose for administration 
by inhalation Is between 0.1 and 3 mg per day, and the dose in the case of systemic therapy (p.o. or 
Lv.) is between 0.03 and 3 mg/kg per day. 
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BioloqlcalinvesUaatlons 

The second messenger cyclic AMP (cAMP) is well-known for inhibiting inflammatory and immunocom- 
petent cells. The PDE4 isoenzyme is broadly expressed in cells involved in the initiation and propaga- 
tion of inflammatory diseases (H Tenor and C Schudt. in ..Phosphodiesterase Inhibitors", 21-40, ..The 
Handbook of Immunopharmacology". Academic Press, 1996), and its inhibition leads to an increase of 
the intracellular cAMP concentration and thus to the inhibition of cellular activation (JE Souness et al., 
Immunopharmacology 47: 127-162, 2000). 

The antiinflammatory potential of PDE4 inhibitors in vivo in various animal models has been described 
(MM Teixeira, TiPS 18: 164-170, 1997). For the investigation of PDE4 inhibition on the cellular level (in 
vitro), a large'variety of proinflammatory responses can be measured. Examples are the superoxide 
production of neutrophilic (C Schudt etal., Arch Pharmacol 344:682-690, 1991) or eosinophilic (A 
Hateelmann et al., Brit J Pharmacol 1 14: 821-B31, 1995) granulocytes, which can be measured as lu- 
minoj-enhanced chemiluminescence, or the synthesis of tumor necrosis fector-a in monocytes, macro- 
phages or dendritic cells (Gantner et al.. Brit J Pharmacol 121: 221-231, 1997, and Pulmonary Pharma- 
col Therap 12: 377-386, 1999). in addition, the immunomodulatory potential of PDE4 inhibitors is evi- 
dent from the inhibition of T-cell responses like cytokine synthesis or proliferation (PM Essayan, Bio- 
chem Pharmacol 57: 965-973, 1999). Substances which inhibit the secretion of the afore-mentioned 
proinflammatory mediators are those which inhibit PDE4. PDE4 inhibition by ihe compounds according 
to the invention is thus a central indicator for the suppression of inflammatory processes. 



Methods for measuring inhibition of PDE4 activity 

The PDE4B2 (GB no. M97515) was a gift of Prof. M. Conti (Stanford University. USA). It was amplified 
from tne origina | p|asrniC | {pC MV5) via PCR with primers Rb9 (5'- GCCAGCGTGCAAATAATGAAGG - 
3') and Rb10 (5'- AGAGGGGGATTATGTATCCAC -3') and cloned into the pCR-Bac vector (Invrtrogen, 
Groningen, NL). 

The recombinant baculovjrus was prepared by means of homologous recombination in SF9 insect cells. 
The expression plasmid was cotransfected with Bac-N-Blue (Invitrogen, Groningen, NL) or Baculo-Gold 
DNA (Pharmingen, Hamburg) using a standard protocol (Pharmingen, Hamburg). Wt virus-free recom- 
binant vims supernatant was selected using plaque assay methods. After that, high-titre virus super- 
natant was prepared by amplifying 3 times. PDE was expressed in SF21 cells by infecting 2*1 0 B 
cells/ml with an MOI (multiplioHy of infection) between 1 and 10 in serum-free SF900 medium (Life 
Technologies, Paisley, UK). The cells were cultured at28"C for 46 - 72 hours, after which they were 
pelleted tor 5-10 min at 1 000 g and 4"C. 
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Tha SF21 insect cells were resuspended, at a concentration of approx. 1Q 7 cells/ml, in ice-cold (4°C) 
homogenization buffer (20 mM Tris, pH 8.2, containing the following additions: 140 mM NaCI, 3.8 mM 
KCI, 1 mM EGTA, 1 mM MgCf 2l 10 mM |3-mercaptasthanoJ, 2 mM benzamidlne, 0.4 mM Pefablock, 
10 \xM leupeptin, 10 |iM pepstatin A, 5 jxM trypsin inhibitor) and disrupted by ultrasonication. The ho- 
mogenate was then centrifaged for 1 0 min at 1 OOOxg and the supernatant was stored at -80°C until 
subsequent use (see below). The protein content was determined by the Bradford method (BioRad, 
Munich) using BSA as the standard. 

PDE4B2 activity is inhibited by the said compounds in a modified SPA (scintillation proximity assay) 
test, supplied by Amersham Biosciences (see procedural instructions "phosphodiesterase [3H]cAMP 
SPA enzyms assay, code TRKQ 7090"), carried out in microtitre plates (MTP's). The test vol- 

ume is 100 pi and contains 20 mM Tils buffer (pH 7.4), 0.1 mg of BSA (bovine serum albumin )/ml. 
5 mM Mg 2 *, 0,5 fiM cAMP (including about 50,000 cpm of [3H]cAMP), 1 pi of the respective substance 
dilution in DMSO and sufficient recombinant PDE (1000xg supernatant, see above) to ensure that 
10-20% of the cAMP is converted under the said experimental conditions. The final concentration of 
DMSO in the assay (1 % v/v) does not substantially affect the activity of the PDE Investigated. After a 
preincubation of 5 min at 37 a C, the reaction is started by adding the substrate (cAMP) and the assay is 
incubated for a further 15 min; after that, it is stopped by adding SPA beads (50 pi). In accordance with 
the manufacturer's instructions, the SPA beads had previously been resuspended in water, but were 
then diluted 1:3 (v/v) in water; the diluted solution also contains 3 mM IBMX to ensure a complete PDE 
activity stop. After the beads have been sedimented (> 30 min), the MTP's gn» analyzed in commer- 
cially available luminescence detection devices. The corresponding IC £0 values of the compounds for 
the Inhibition of PDE activity are determined from the concentration-effect curves by means of non- 
linear regression. 

Exemplary inhibitory values determined for the compounds according to the invention follow from the 
following table A, in which the number of the compounds correspond to the numbers of the Examples. 
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Table A 



Inhibition of the PDE4 activity 



Compound 


-log IC E0 


1 




2 




3 




4 




5 


Thp inhibitory 


e 


values of 


7 


these listed 


8 


compounds 1 


9 


i to 16 are in 


10 


the range 


11 


from 7.24 to 


12 


9.32 


13 




i 14 




15 




16 
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Patent Claims 

1 . Compounds of formula I, 




in which 

R1 Is hydroxy!, 1>4C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy, 2,2-difluoroethoxy, or com- 
pletely or predominantly fluorine-substituted 1-4C-alkaxy, 

R2 is hydroxy!, 1-4C-alkoxy, 3-7C-cyc!oa1koxy T S-^C-cycloalkytniethoxy, 2,2-difluoroethoxy, or com- 
pletely or predominantly fluorine-substituted 1-4C-alkoxy, 

or in whjch 

R1 and R2 together are a 1-2C-alky!enedioxy group, 
R3 is hydrogen or 1-4C-alkyl f 
R31 is hydrogen or i-4C-alkyl, 

either, in a first embodiment (embodiment a) according to the present invention, 
R4 is -0-R41 , in which 

R41 is hydrogen, 1-4C-alkyl, 1-4C-alkoxy-1~4C-alkyl, hydroxy-2-4C-alkyI, 1 -7C-aIkylcarbonyI r or com- 
pletely or predominantly fluorine-substituted 1-4C-alkyl» and 
R5 is hydrogen or 1-4C-alkyl, 

or, in a second embodiment (embodiment b) according to the present invention, 
R4 is hydrogen or 1-4C~alkyI, and 
R5 is-0~R51, in which 

R51 is hydrogen, 1~4C-alkyl, 1-4C-alkoxy-1-40alkyl, hydroxy~2-4C-alkyl, 1-7C-a|ky|carbonyl, or com- 
pletely or predominantly fluorine-substituted 1-4C-alkyl, 

Har is optionally substituted by R6 and/or R7 and/or R8, and is a 5- to 10-membered monocylic or 
fused bicyclic unsaturated or partially saturated heteroaryl radica! comprising 1 to 4 heteroatoms 
selected independently from the group consisting of oxygen, nitrogen and sulfur, in which 

R6 is halogen, 1-4C-alkyI, 1-4C~alkoxy, l-4C-alkoxy-2-4C-alkoxy, 1-4C-a!kyIthio, cyano, 1-4C- 
alkoxycarbonyK carboxyl, hydroxyl, -A-N(R61)R62, pyridyl, or completely or partially fluorine- 
substituted 1-4C-alkyl. in which 

A is a bond or 1-4C-aIkylene, 

R61 is hydrogen or 1-4C-alkyl, 
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R62 is hydrogen or 1-4C-alkyl, 

or R61 and R62 together and with inclusion of the nitrogen atom, to which they are attached, form a 

heterocyclic ring Het1 t In which 
Het1 is optionally substituted by RB1 1. and is a 3- to 7-membered saturated or unsaturated monocyclic 

heterocyclic ring radical comprising the nitrogen atom, to which R61 and R62 are bonded, and 

optionally one to three further heteroatoms independently selected from the group consisting of 

oxygen, nitrogen and sulfur, in which 
RS11 is 1-4C-alKyt, 

R7 is 1-4C~atkoxy, 1^C~alkoxy^C^)koxy, 1^C~aikylthio, hydroxyl, amino or mono- or dkMC- 

alkylamino. 
R8 is halogen, 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 
2. compounds of formula I according to claim 1 in which 

R1 is 1 -2C~alkoxy. 3-5C-cycIoaIkoxy, 3-5C-cycloalkyimethoxy , 2,2-difluoroe*oxy, or completely or 

predominantly fluorine-substituted 1~20alkoxy, 
R2 is 1-2C-a!koxy. 3^C-cycloalkoxy r 3-5C-cycloaikylmethoxy, 2 t 2-dif|uoroethoxy, or completely or 

predominantly fluorine-substituted 1-2C-alkoxy r 
R3 is hydrogen, 
R31 is hydrogen, 

either, in a first embodiment (embodiment a) according to the present invention. 

R4 is-0-R41, in which 

R41 is hydrogen or 1-4C-alkylcarbony1, and 

R5 is hydrogen, 

or, in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 is -0-R51 , In which 

R51 is hydrogen or 1-4C-alMcarb Qn y'' 

Har is optionally substituted by R6 and/or R7 and/or R8 ( and is 

a 9^ or 10-membered benzofused bicyclic partially saturated heteroaryl radical comprising 1 or 2 
heteroatoms selected independently from the group consisting of oxygen, nitrogen and sulfur, 

a s- or 1 0-membered fused bicyclic unsaturated heteroaryl radical comprising 1 to 4 heteroatoms 
selected independently from the group consisting of oxygen, nitrogen and sulfur, 



or 



or 



a 5- or 6-membered monocyclic unsaturated heteroaryl radical comprising 1 to 4 heteroatoms se- 
lected independently from the group consisting of oxygen, nitrogen and sulfur, 
in which 
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R6 is halogen, 1-4C-alkyl. 1-4C-alkoxy, 1-4C-a|Koxy-2-4C-alkoxy. l^C-alkylthio, cyano, 1-4C- 
alkoxycarbonyl, carboxyl, hydroxy!, -A-N(R61)R62, pyridyl, or completely or partially fluorine- 
substituted 1-4C-alkyl r in which 

A Is a bond or 1-4C-aIkylene, 

R61 is hydrogen or 1-4C-alkylr 

R62 is hydrogen or 1-4C-alkyl, 

or RB1 and R62 together and with inclusion of the nitrogen atom, to which they are attached, form a 

heterocyclic ring Het1, in which 
either, in a first facet (facet 1), 

Het1 is optionally substituted by RB1 1 on a ring nitrogen atom, and is a 3- to remembered saturated 
monocyclic heterocyclic ring radical comprising the nitrogen atom, to which R61 and RS2 are 
bonded, and optionally one further heteroatom selected from the group consisting of oxygen, ni- 
trogen and sulfur, in which 

R611 is 1-4C~alky! f 

or, in a second facet (facet 2), 

Het1 is a 5-memberad unsaturated monocyclic heterocyclic ring radical comprising the nitrogen atom, 
to which R61 and R62 are bonded, and optionally one to three further nitrogen atoms, 

R7 is 'MOalkoxy, 1^C-a1koxy-2-4C-alkoxy, 1-4C-alkylthio, hydroxyl, amino or mono- or di-1-4C- 
alkylamino, 

R8 is halogen, 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 
3. Compounds of formula I according to claim 1 in which 

R1 is 1-2C-alkoxy T 3-SC-cycloalkoxy, 3-5C-cycloalkylmethoxy, 2,2-difIuoroethoxy, or completely or 

predominantly fluorine-substrtuted 1-2C~alkoxy, 
R2 is 1-2C-alkoxy, 3-5C-cycioalkoxy, 3-5C-cycloalkylmethoxy, 2,2-dffluoroethoxy, or completely or 

predominantly fluorine-substituted 1-2C-alkoxy, 
R3 is hydrogen, 
R31 is hydrogen, 
R4 is-0-R41, in which 
R41 is 1-4C-alkylcarbonyl or hydrogen, 
R5 is hydrogen, 

in one embodimental detail (detail 1) according to this invention, 

Har is optionally substituted by R6 and/or R7, and is a 9- or 10-membered benzofused bicycljc par- 
tially saturated heteroaryl radical comprising 1 or 2 heteroatoms selected independently from the 
group consisting of oxygen, nitrogen and sulfur, in which 

R6 is 1 ~2C-alkyl or halogen, 

R7 js halogen; 

or, in another embodimental detail (detail 2) according to this invention, 
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Har is optionally substituted by RB, and is a 9- or 10-mernbered fused bicyclic unsaturated heteroary) 
radical comprising 1 to 3 heteroatoms selected independently from the group consisting of oxy- 
gen, nitrogen and sulfur, in which 

R6 Is 1-4C-alkyl; 

or, in yet another embodiments! detail (detail 3) according to this invention, 

Har is optionally substituted by R6 and/or R7 and/or R8, and is a 5- or 6-membered monocyclic un- 
saturated heteroaryl radical comprising 1 to 3 heteroatoms selected independently from the 
group consisting of oxygen, nitrogen and sulfur, in which 

R6 is halogen, 1-4C-alkyl, 1-4C~alkoxy, 1 -4C-alkoxy-ethoxy, 1-2C-alkyithio, cyano, 1-2C- 
alkoxycarbonyl, carboxyt, hydroxyl, -A-N(R61)R62, pyridyl, or completely or partially fluorine- 
substituted 1-2C~a!kyl, in which 

A ]s a bond or 1~2C-alkylene, 

RB1 is hydrogen or 1-2C-alkyl, 

R52 is hydrogen or 1-2C-aikyI, 

or R61 and R62 together and with inclusion of the nitrogen atom, to which they are attached, form a 

heterocyclic ring Het1, in which 
either, in a first facet (facet 1), 

Het1 is optionally substituted by R61 1 on a ring nitrogen atom, and is a 5- to 7-membered saturated 
monocyclic heterocyclic ring radical comprising the nitrogen atom, to which R61 and R62 are 
bonded, and optionally one further hetenoatom selected from the group consisting of oxygen, ni- 
trogen and sulfur, in which 

R611 is 1-2C-aikyi, 

or, in a second facet (facet 2), 

Het1 is a 5-membered unsaturated monocyclic heterocyclic ring radical comprising the nitrogen atom, 
to which R61 and R62 are bonded, and optionally one or two further nitrogen atoms, 

R7 is 1-4C-alkoxy, i-4C-alkoxy-ethoxy, 1-2C-alkyithio, hydroxyl, amino, or mono- or di-1-2C- 
alkylamino, 

R8 is halogen; 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 
4. Compounds of formula I according to claim 1 in which 

R1 is 1~2C-alkoxy T 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy f 2 t 2-difluoroethoxy, or completely or 

predominantly fluorine-substituted 1 -2C-a|koxy, 
R2 is 1-2C-alkoxy, 3-5C-cyc)oa|koxy, 3-5C-cyc|oalkyImethoxy, 2,2-difluoroethoxy, or completely or 

predominantly fluorine-substituted 1-20alkoxy, 
R3 is hydrogen, 
R31 is hydrogen, 
R4 is -0-R41, in which 
R41 is hydrogen, 
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R5 is hydrogen, 

in one embodimental detail (detail 1) according to this invention, 

Har is optionally substituted by R6 and/or R7, and is a 9- or 1 O-mernbered benzofused bicyclic par- 
tially saturated heteroaryl radical comprising 1 or 2 heteroatorns selected independently from the 
group consisting of oxygen, nitrogen and sulfur, in which 

RG is 1 ~2C-aikyI or halogen, 

R7 is halogen; 

or, in another embodimental detail (detail 2) according to this invention, 

Har is optionally substituted by R6, and is a 9- or 10-membered fused bicyclic unsaturated heteroaryl 
radical comprising 1 to 3 heteroatorns selected independently from the group consisting of oxy- 
gen, nitrogen and sulfar, in which 

R6 is i-4C-alkyi; 

or, in yet another embodimental detail (detail 3) according to this invention, 
either 

Har is optionally substituted by R6 t and is a 5-rnemberad monocyclic unsaturated heteroaryl radical 
comprising 1 to 3 heteroatorns selected independently from the group consisting of oxygen, ni- 
trogen and sulfur, in which 

R6 is 1-4C-alkyl or pyridyl 

or 

Har is optionally substituted by R6 and/or R7, and is a 6-membered monocyclic unsaturated het- 
eroaryl radical comprising 1 or 2 nitrogen atoms, in which 
R6 is 1-4C-alkoxy, 1-2C-alkoxy-ethoxy or -A-N(RB1)R62, in which 
A is a bond, 

R61 and RB2 together and with inclusion of the nitrogen atom, to which they are attached, form a het- 
erocyclic ring Het1, in which 
either/in a first facet (facet 1), 

HetT is optionally substituted by R61 1 on a ring nitrogen atom, and is a 5- to 7-membered saturated 
monocyclic heterocyclic ring radical comprising the nitrogen atom, to which R61 and R62 are 
bonded, and optionally one further heteroatom selected from the group consisting of oxygen, ni- 
trogen and sulfur, in which 

R611 is 1-2C-alkyl, 

or, In a second facet (facet 2), 

Het1 is a 5-rnembered unsaturated monocyclic heterocyclic ring radical comprising the nitrogen atom, 

to which R61 and RB2 are bonded, and optionally one or two further nitrogen atoms, 
R7 Is 1 -4C~alKoxy or 1 -2C-alkoxy-ethoxy; 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 
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5, Compounds of formula I according to claim 1 in which 

R1 is 1-2C-alkoxy, 2,2-difluoroethoxy, or completely or predominantly fluorine-substituted 
1-2C-a)koxy, 

R2 is 1~2C-alkoxy, 2,2-dffiuoroeihoxy, or completely or predominantly fluorine-substituted 

1-2C-alkoxy, 
R3 is hydrogen. 
R31 Is hydrogen, 
R4 is -0-R41, in which 
R41 is hydrogen, 
R5 is hydrogen, 

in one embodiments! detail (detail 1) according to this invention, 

Har is optionally substituted by R6 andfor R7, and is benzo[1 ,4]dioxanyl or benzo[1 t 3]dioxoiyl, in 

which 
RS is fluorine, 
R7 is fluorine; 

or, in another embodiments! detail (detail 2) according to this invention, 

Har is quinolinyl, benzofurazanyl or benzothiazolyl; 

or ( in yet another embodiments detail (detail 3) according to this invention, 

either 

Har is optionally substituted by R6 and/or R7, and is pyridinyl, in which 
R6 Is 1-4C-alkoxy, -A-N(R6 1 )R62, in which 
A is a bond, 

R61 and R62 together and with inclusion of the njtrogen atom, to which they are attached, form a het- 
erocyclic ring Het1 f in which 
Het1 is morpholinyl, thiomorpholinyl, N-(R61 1)-piperazinyl or 4~N-{RS1 1)-homopiperazinyl, in which 
R611 is 1~2C-alkyl» 
R7 Is 1-4C-aIkoxy, 
or 

Har is optionally substituted by R6, and is isoxazolyl, jmldazoiyl or ifiiazolyl, in which 
RS is 1 -4C-alkyl or pyridyl; 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 

6. Compounds of formula I according to any of the preceding claims, which have with respect to the 
positions 4a and 10b the configuration shown in formula T; 
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Har 



and the salts, the N-oxides and the sails of the N-oxides of these compounds. 

7. Compounds of formula I according to any of the preceding claims, which have with respect to the 
positions 2, 4a and 10b the configuration shown in formula la*****, or, which have with respect to the 
positions 3, 4a and 10b the configuration shown in formula !&*****: 

OR41 




Har 



(la*****) 




Har 



(lb*****) 



and the salts, the N-oxides and the salts of the Noxides of these compounds. 

a. Compounds of formula ! as claimed in claim 1 for use in the treatment of diseases. 

9. A pharmaceutical composition comprising one or more compounds of formula I as claimed in 
claim 1 together with customary pharmaceutical excipients and/or vehicles. 



10. The use of compounds of formula I as claimed in claim 1 for the production of pharmaceutical 
compositions for treating respiratory disorders. 

11 . The use of compounds of formula I as claimed in claim 1 for the production of pharmaceutical 
compositions for treating PDE-mediated disorders. 

12. A method for treating illnesses In a patient comprising administering to said patient a therapeuti- 
cally effective amount of a compound of formula I as claimed in claim 1. 
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13. A method for treating airway disorders in a patient comprising administering to said patient a 
therapeutically effective amount of a compound of formula I as claimed in claim 1. 
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I 

Abstract j 

i 

Compounds of a certain formula I, in which R1. R2, R3, R31, R4, R5 and Har have the meanings indi- I 
cated in the description, are novel effective PDE4 inhibitors. 
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